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ISOLATED HUMAN METALLOPROTEASE PROTEINS, NUCLEIC ACID 
MOLECULES ENCODING HUMAN PROTEASE PROTEINS, AND USES THEREOF 

FIELD OF THE INVENTION 

The present invention is in the field of protease proteins that are related to the 
metalloprotease subfamily, recombinant DNA molecules, and protein production. The present 
invention specifically provides novel peptides and proteins that effect protein 
cleavage/processing/tumover and nucleic acid molecules encoding such peptide and protein 
molecules, all of which are useful in the development of human therapeutics and diagnostic 
compositions and methods. 

BACKGROUND OF THE INVENTION 

The proteases may be categorized into famiUes by tiie different amino acid sequences 
(generally between 2 and 10 residues) located on either side of the cleavage site of the protease. 

The proper functioning of the cell requires careful control of the levels of important 
structural proteins, enzymes, and regulatory proteins. One of the ways that cells can reduce the 
steady state level of a particular protein is by proteolytic degradation. Further, one of the ways 
cells produce functioning proteins is to produce pre or pro-protein precursors that are processed 
by proteolytic degradation to produce an active moiety. Thus, complex and highly-regulated 
mechanisms have been evolved to accomplish this degradation. 

Proteases regulate many different cell proliferation, differentiation, and signaling 
processes by regulating protein tumover and processing. Uncontrolled protease activity (either 
increased or decreased) has been implicated in a variety of disease conditions including 
inflammation, cancer, arteriosclerosis, and degenerative disorders. 

An additional role of intracellular proteolysis is in the stress-response. Cells that are 
subject to stress such as starvation, heat-shock, chemical insult or mutation respond by increasing 
the rates of proteolysis. One function of this enhanced proteolysis is to salvage amino acids from 
non-essential proteins. These amino acids can then be re-utilized in the synthesis of essential 
proteins or metabolized directly to provide energy. Another function is in the repair of damage 
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caused by the stress. For example, oxidative stress has been shown to damage a vmety of 
proteins and cause them to be rapidly degraded. 

The International Union of Biochemistry and Molecular Biology (lUBMB) has 
recommended to use the term peptidase for the subset of peptide bond hydrolases ( Subclass E.C 
3.4.). The widely used term protease is synonymous with peptidase. Peptidases comprise two 
groups of enzymes: the endopeptidases and the exopeptidases, which cleave peptide bonds at 
points within the protein and remove amino acids sequentially from either N or C-tenninus 
respectively. The term proteinase is also used as a synonym word for endopeptidase and four 
mechanistic classes of proteinases are recognized by the lUBMB: two of these are described 
below (also see: Handbook of Proteolytic Enzymes by Barrett, Rawlmgs, and Woessner AP 
Press, NY 1998). Also, for a review of the various tises of proteases as drug targets, see: Weber 
M, Emerging treatments for hypertension: potential role for vasopeptidase inhibition; Am J 
Hypertens 1999 Nov;12(l 1 Ft 2):139S-147S; Kentsch M, Otter W, Novel neurohormonal 
modulators in cardiovascvdar disorders. The therapeutic potential of endopeptidase inhibitors. 
Drugs R D 1999 Apr;l(4):331-8; Scarborough RM, Coagulation factor Xa: the prothrombmase 
complex as an emerging therapeutic target for small molecule inhibitors, J Enzym Inhib 
1998;14(l):15-25; Skotnicki JS, et al.. Design and synthetic considerations of matrix 
metalloproteinase inhibitors, Ann N Y Acad Sci 1999 Jun 30;878:61-72; McKerrow JH, Engel 
JC, Caffrey CR, Cysteine protease inhibitors as chemotherapy for parasitic infections, Bioorg 
Med Chem 1999 Apr;7(4):639-44; Rice KD, Tanaka RD, Katz BA, Numerof RP, Moore WR, 
Lnhibitors of tryptase for the treatment of mast cell-mediated diseases, Curr Pharm Des 1998 
Oct;4(5):381-96; Materson BJ, Will angiotensin converting enzyme genotype, receptor mutation 
identification, and other miracles of molecular biology permit reduction of NNT Am J Hypertens 
1998 Aug;ll(8 Ft 2):138S-142S 

Serine Proteases 

The serine proteases (SF) are a large family of proteolytic enzymes that include the 

digestive enzymes, trypsin and chymotrypsin, components of the complement cascade and of the 

blood-clotting cascade, and enzymes that control the degradation and turnover of 

macromolecules of the extracellular matrix. SF are so named because of tiie presence of a serine 

residue in the active catalytic site for protein cleavage. SP have a wide range of substrate 
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specificities and can be subdivided into subfamilies on the basis of these specificities. The main 
sub-families are trypases (cleavage after arginine or lysine), aspases (cleavage after aspartate), 
chymases (cleavage after phenylalanine or leucine), metases (cleavage after methionine), and 
serases (cleavage after serine). 

5 A series of six SP have been identified in murine cytotoxic T-lymphocytes (CTL) and 

natural killer (NK) cells. These SP are involved with CTL and NK cells in the destruction of 
virally transformed cells and tumor cells and in organ and tissue transplant rejection (Zunino, S. 
J. et al. (1990) J. Immunol. 144:2001-9; Sayers, T. J. et al. (1994) J. Immunol. 152:2289-97). 
Himian homologs of most of these enzymes have been identified (Trapani, J. A. et al. (1988) 

10 Proc. Natl. Acad. Sci. 85:6924-28; Caputo, A. et al. (1990) J. Immunol. 145:737-44). Like all SP, 
the CTL-SP share three distinguishing features: 1) the presence of a catalytic triad of histidine, 
serine, and aspartate residues which comprise the active site; 2) the sequence GDSGGP which 
contains the active site serine; and 3) an N-terminal IIGG sequence which characterizes the 

^ 3 mature SP. 

u 

l?5 The SP are secretory proteins which contain N-terminal signal peptides that serve to 

export the immature protein across the endoplasmic reticulum and are then cleaved (von Heijne 
(1986) Nuc. Acid. Res. 14:5683-90). Differences in these signal sequences provide one means of 
hii. distinguishing individual SP. Some SP, particularly the digestive enzymes, exist as inactive 
; ^: precursors or preproenzymes, and contain a leader or activation peptide sequence 3' of the signal 
€0 peptide. This activation peptide may be 2-12 amino acids in length, and it extends fi-om the 
iij cleavage site of the signal peptide to the N-terminal IIGG sequence of the active, mature protein. 
Cleavage of this sequence activates tiie enzyme. This sequence varies in different SP according to 
the biochemical pathway and/or its substrate (Zunino et al, supra; Sayers et al, supra). Other 
features that distinguish various SP are the presence or absence of N-linked glycosylation sites 
25 that provide membrane anchors, the nxmiber and distribution of cysteine residues that determine 
the secondary structure of the SP, and the sequence of a substrate binding sites such as S\ The S' 
substrate binding region is defined by residues extending fi-om approximately +17 to +29 relative 
to the N-terminal I (+1). Differences in tiiis region of the molecule are believed to determine SP 
substrate specificities (Zunino et al, supra). 

30 
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Trvpsinoeens 

The trypsinogens are serine proteases secreted by exocrine cells of the pancreas (Travis J 
and Roberts R. Biochemistry 1969; 8: 2884-9; Mallory P and Travis J, Biochemistry 1973; 12: 
2847-51). Two major types of trypsinogen isoenzymes have been characterized, trypsinogen-1, 
5 also called cationic trypsinogen, and trypsinogen-2 or anionic trypsinogen. The trypsinogen 
proenzymes are activated to trypsins in the intestine by enterokinase, v^rhich removes an 
activation peptide from the N-terminus of the trypsinogens. The trypsinogens show a high degree 
of sequence homology, but they can be separated on the basis of charge differences by using 
electrophoresis or ion exchange chromatography. The major form of trypsinogen m the pancreas 
10 and pancreatic juice is trypsinogen-1 (Guy CO et al., Biochem Biophys Res Commun 1984; 125: 

516-23). In serum of healthy subjects, trypsinogen-1 is also the major form, whereas in patients 
,^ with pancreatitis, trypsinogen-2 is more strongly elevated (Itkonen et al., J Lab Clin Med 1990; 
9 115:712-8). Trypsinogens also occur in certain ovarian tumors, in which trypsmogen-2 is the 
P major form (Koivunen et al.. Cancer Res 1 990; 50: 2375-8). Trypsin-1 in complex with alpha-1- 
iS antitrypsin, also called alpha-l-antiprotease, has been found to occur m serum of patients with 
!I3 pancreatitis (Borgstrom A and Ohlsson K, Scand J Clin Lab Invest 1984; 44: 381-6) but 
i. determination of this complex has not been found useful for differentiation between pancreatic 

i!* and other gastrointestmal diseases (Borgstrom et al., Scand J Clin Lab Invest 1989; 49:757-62). 

I y 

1'=^' Trypsinogen-1 and -2 are closely related immunologically (Kimland et al., Clin Chim 

ig) Acta 1989; 184: 31-46; Itkonen et al., 1990), but by using monoclonal antibodies (Itkonen et al., 
1990) or by absorbing polyclonal antisera (Kimland et al., 1989) it is possible to obtain reagents 
enabling specific measurement of each form of trypsinogen. 

When active trypsin reaches the blood stream, it is inactivated by the major trypsin 
inhibitors alpha-2-macroglobulin and alpha- 1 -antitrypsin (AAT). AAT is a 58 kilodalton serine 
25 protease inhibitor synthesized in the liver and is one of the main protease inhibitors in blood. 
Whereas complexes between trypsin-1 and AAT are detectable in serum (Borgstrom and 
Ohlsson, 1984) the complexes with alpha -2-macroglobulin are not measurable with antibody- 
based assays (Ohlsson K, Acta Gastroenterol Belg 1988; 51: 3-12). 

Inflammation of the pancreas or pancreatitis may be classified as either acute or chronic 
30 by clinical criteria. With treatment, acute pancreatitis can often be cured and normal function 

restored. Chronic pancreatitis often results in permanent damage. The precise mechanisms which 
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trigger acute inflammation are not understood. However, some causes in the order of their 
importance are alcohol ingestion, biliary tract disease, post-operative trauma, and hereditary 
pancreatitis. One theory provides that autodigestion, the premature activation of proteolytic 
enzymes in the pancreas rather than in the duodenum, causes acute pancreatitis. Any number of 
5 other factors including endotoxins, exotoxins, viral infections, ischemia, anoxia, and direct 

trauma may activate the proenzymes. In addition, any internal or external blockage of pancreatic 
ducts can also cause an accumulation of pancreatic juices in the pancreas resulting cellular 
damage. 

Anatomy, physiology, and diseases of liie pancreas are reviewed, inter alia, in Guyton AC 
10 (1991) Textbook of Medical Physiology, W B Saunders Co, Philadelphia Pa.; Isselbacher K J et 
al (1994) Harrison^s Principles of Internal Medicine, McGraw-Hill, New York City; Johnson K E 
(1991) Histology and Cell Biology, Harwal Publishing, Media Pa.; and The Merck Manual of 

i;3 Diagnosis and Therapy (1992) Merck Research Laboratories, Rahway N.J. 

Q 

U Aspartic protease 

iliS Aspartic proteases have been divided into several distinct families based primarily on 

activity and structure. These include 1) water nucleophile; water bound by two Asp from 
monomer or dimer; all endopeptidases, from eukaryote organisms, viruses or virus-like 

U 

i'U organisms and 2) endopeptidases that are water nucleophile and are water bound by Asp and Asn. 

' Z Most of aspartic proteases belong to the pepsin family. The pepsin family includes 

iilb digestive enzymes such as pepsin and chymosin as well as lysosomal cathepsins D and 

processing enzymes such as renin, and certain ftmgal proteases (penicillopepsin, rhizopuspepsin, 
endothiapepsin). A second family comprises viral proteases such as the protease from the AIDS 
virus (HIV) also called retropepsin. Crystallographic studies have shown that these enzymes are 
bilobed molecules with the active site located between two homologous lobes. Each lobe 

25 contributes one aspartate residue of the catalytically active diad of aspartates. These two aspartyl 
residues are in close geometric proximity in the active molecule and one aspartate is ionized 
whereas the second one is unionized at the optimum pH range of 2-3. Retropepsins, are 
monomeric, i.e carry only one catalytic aspartate and then dimerization is required to form an 
active enzyme. 

30 In contrast to serine and cysteine proteases, catalysis by aspartic protease do not involve a 

covalent intermediate though a tetrahedral intermediate exists. The nucleophilic attack is 
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achieved by two simultaneous proton transfer: one from a water molecule to the diad of the two 
carboxyl groups and a second one from the diad to the carbonyl oxygen of the substrate with the 
concurrent CO-NH bond cleavage. This general acid-base catalysis, which may be called a 
"push-pull" mechanism leads to the formation of a non covalent neutral tetrahedral intermediate. 

5 Examples of the aspartic protease family of proteins include, but are not limited to, pepsin 

A (Homo sapiens), HIVl retropepsin (human immunodeficiency virus type 1), endopeptidase 
(cauliflower mosaic virus), bacilliform virus putative protease (rice tungro bacilliform virus), 
aspergillopepsin II (Aspergillus niger), thermopsin (Sxilfolobus acidocaldarius), nodavirus 
endopeptidase (flock house virus), pseudomonapepsin (Pseudomonas sp. 101), signal peptidase II 

1 0 (Escherichia coli), polyprotein peptidase (human spumaretrovirus), copia transposon (Drosophila 
melanogaster), SIRE-1 peptidase (Glycine max), retrotransposon bsl endopeptidase (Zea mays), 
retrotransposon peptidase (Drosophila bxizzatii), Tas retrotransposon peptidase (Ascaris 

l-I lumbricoides), Pao retrotransposon peptidase (Bombyx mori), putative proteinase of Skippy 

^ retrotransposon (Fusarium oxysporum), tetravirus endopeptidase (NudaureUa capensis omega 

Ip virus), preseniUn 1 (Homo sapiens). 

P 

]. Metalloprotease 

f y The metalloproteases may be one of the older classes of proteinases and are foimd in 

bacteria, fungi as well as in higher organisms. They differ widely in their sequences and tiieir 

lite 

So structures but the great majority of enzymes contain a zinc atom which is catalytically active. In 
some cases, zinc may be replaced by another metal such as cobalt or nickel without loss of the 
activity. Bacterial thermolysin has been well characterized and its crystallographic structure 
indicates that zinc is bound by two histidines and one glutamic acid. Many enzymes contain the 
sequence HEXXH, which provides two histidine ligands for the zinc whereas the third ligand is 

25 either a glutamic acid (thermolysin, neprilysin, alanyl aminopeptidase) or a histidme (astacin). 
Other families exhibit a distinct mode of binding of the Zn atom. The catalytic mechanism leads 
to the formation of a non covalent tetrahedral intermediate after the attack of a zinc-bound water 
molecule on the carbonyl group of the scissile bond. This intermediate is further decomposed by 
transfer of the glutamic acid proton to the leaving group. 

30 Metalloproteases contain a catalytic zinc metal center which participates in the hydrolysis 

of the peptide backbone (reviewed in Power and Harper, in Protease Inhibitors, A. J. Barrett and 
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G. Salversen (eds.) Elsevier, Amsterdam, 1986, p. 219). The active zinc center differentiates 
some of these proteases from calpains and trypsins whose activities are dependent upon the 
presence of calcium. Examples of metalloproteases include carboxypeptidase A, 
carboxypeptidase B, and thermolysin. 
5 Metalloproteases have been isolated from a number of procaryotic and eucaryotic sources, 

e.g. Bacillus subtilis (McConn et al, 1964, J. Biol. Chem. 239:3706); Bacillus megaterium; 
Serratia (Miyata et al., 1971, Agr. Biol. Chem. 35:460); Clostridium bifermentans (MacFarlane et 
al., 1992, App. Environ. Microbiol. 58:1195-1200), Legionella pneumophila (Moffat et al., 1994, 
Infection and Immunity 62:751-3). In particular, acidic metalloproteases have been isolated from 
10 broad-banded copperhead venoms (Johnson and Ownby, 1993, Int. J. Biochem. 25:267-278), 
rattlesnake venoms (Chlou et al., 1992, Biochem. Biophys. Res. Commun. 187:389-396) and 
articular cartilage (Treadwell et al., 1986, Arch. Biochem. Biophys. 251:715-723). Neutral 
R metalloproteases, specifically those having optimal activity at neutral pH have, for example, been 
^ isolated from Aspergilhis sojae (Sekine, 1973, Agric. Biol. Chem. 37: 1945-1952). Neutral 
111 metalloproteases obtained fixmi Aspergillus have been classified into two groups, npl and npll 
p (Sekine, 1972, Agric. Biol. Chem. 36:207-216). So far, success in obtaining amino acid sequence 
information from these fimgal neutral metalloproteases has been limited. An npll metalloprotease 

II 

M isolated from Aspergillus oryzae has been cloned based on amino acid sequence presented in the 
ij literature (Tatsumi et al., 1991, Mol. Gen. Genet. 228:97-103). However, to date, no npl fimgal 
lS) metalloprotease has been cloned or sequenced. Alkaline metalloproteases, for example, have 
U been isolated from Pseudomonas aeruginosa (Baumann et al., 1993, EMBO J 12:3357-3364) and 

the insect pathogen Xenorhabdus luminescens (Schmidt et al., 1998, Appl. Environ. Microbiol. 

54:2793-2797). 

Metalloproteases have been devided into several distinct families based primarily on 
25 activity and sturcture: 1 ) water nucleophile; water bound by single zmc ion ligated to two His 
(within the motif HEXXH) and Glu, His or Asp; 2) water nucleophile; water bound by single 
zinc ion ligated to His, Glu (within the motif HXXE) and His; 3) water nucleophile; water bound 
by single zinc ion ligated to His, Asp and His; 4) Water nucleophile; water bound by single zinc 
ion ligated to two His (within the motif HXXEH) and Glu and 5) water nucleophile; water bound 
30 by two zinc ions ligated by Lys, Asp, Asp, Asp, Glu. 
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Examples of members of the metalloproteinase family include, but are not limited to, 
membrane alanyl aminopeptidase (Homo sapiens), germinal peptidyl-dipeptidase A (Homo 
sapiens), thimet oligopeptidase (Rattus norvegicus), oligopeptidase F (Lactococcus lactis), 
mycolysin (Streptomyces cacaoi), immune inhibitor A (Bacillus thuringiensis), snapalysin 
5 (Streptomyces lividans), leishmanolysin (Leishmania major), microbial collagenase (Vibrio 
alginolyticus), microbial collagenase, class I (Clostridium perfringens), collagenase 1 (Homo 
sapiens), serralysin (Serratia marcescens), fragilysin (Bacteroides fragilis), gametolysin 
(Chlamydomonas reinhardtii), astacin (Astacus fluviatilis), adamalysin (Crotalus adamanteus), 
ADAM 10 (Bos taurus), neprilysin (Homo sapiens), carboxypeptidase A (Homo sapiens), 

0 carboxypeptidase E (Bos taurus), gamma-D-glutamyl-(L)-meso-diaminopimelate peptidase I 
(Bacillus sphaericus), vanY D-Ala-D-Ala carboxypeptidase (Enterococcus faecium), endolysin 
(bacteriophage A118), pitrilysin (Escherichia coli), mitochondrial processing peptidase 

3 (Saccharomyces cerevisiae), leucyl aminopeptidase (Bos taurus), aminopeptidase I 

1 (Saccharomyces cerevisiae), membrane dipeptidase (Homo sapiens), glutamate carboxypeptidase 

1 (Pseudomonas sp.), Gly-X carboxypeptidase (Saccharomyces cerevisiae), 0-sialoglycoprotein 
3 endopeptidase(Pasteurellahaemolytica),beta-lyticmetalloendopeptidase(Achromobacter 

^ lyticus), methionyl aminopeptidase I (Escherichia coli), X-Pro ammopeptidase (Escherichia coh), 
■* X-His dipeptidase (Escherichia coli), IgA 1 -specific metalloendopeptidase (Streptococcus 

2 sanguis), tentoxilysin (Clostridium tetani), leucyl aminopeptidase (Vibrio proteolyticus), 

|) aminopeptidase (Streptomyces griseus), lAP aminopeptidase (Escherichia coli), ammopeptidase 



i T (Thermus aquaticus), hyicolysin (Staphylococcus hyicus), carboxypeptidase Taq (Thermus 
aquaticus), anthrax lethal factor (Bacillus anihracis), penicillolysin (Penicillium citrinum), 
ftingalysin (Aspergillus fumigatus), lysostaphin (Staphylococcus simulans), beta-aspartyl 
dipeptidase (Escherichia coli), carboxypeptidase Ssl (Sulfolobus solfataricus), FtsH 

25 endopeptidase (Escherichia coli), glutamyl aminopeptidase (Lactococcus lactis), cytophagalysin 
(Cytophaga sp.), metalloendopeptidase (vaccinia vhus), VanX D-Ala-D-Ala dipeptidase 
(Enterococcus faecium), Ste24p endopeptidase (Saccharomyces cerevisiae), dipeptidyl-peptidase 
ni Rattus norvegicus), S2P protease (Homo sapiens), sporulation factor SpoIVFB (Bacillus 
subtilis), and HYBD endopeptidase (Escherichia coli). 

30 Metalloproteases have been found to have a number of uses. For example, there is strong 

evidence that a metalloprotease is involved in the in vivo proteolytic processing of the 
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vasoconstrictor, endothelin-1. Rat metalloprotease has been found to be involved in peptide 
hormone processing. One important subfamily of the metalloproteases are the matrix 
metalloproteases. 

A number of diseases are thought to be mediated by excess or undesired metalloprotease 
5 activity or by an imbalance in the ratio of the various members of the protease family of proteins. 
These include: a) osteoarthritis (Woessner, et al., J. Biol.Chem. 259(6), 3633, 1984; Phadke, et 
al., J. Rheumatol. 10, 852, 1983), b) rheumatoid arthritis (Mullins, et al., Biochim. Biophys. Acta 
695, 1 17, 1983; WooUey, et al.. Arthritis Rheum. 20, 1231, 1977; Gravallese, et al.. Arthritis 
Rheum. 34, 1076, 1991), c) septic arthritis (Williams, et al., Arthritis Rheum. 33, 533, 1990), d) 
10 periodontal diseases (Overall, et al., J. Periodontal Res. 22, 81, 1987), e) corneal ulceration 
(Bums, et al., Invest. Opthalmol. Vis. Sci. 30, 1569, 1989), f) proteinuria (Baricos, et al., 
Biochem. J. 254, 609, 1988), g) coronary thrombosis from atherosclerotic plaque rupture 
n (Henney, et al., Proc. Nat'l. Acad. Sci., USA 88, 8154-8158, 1991), h) aneurysmal aortic disease 
3 (Vine, et al., Clin. Sci. 81, 233, 1991), i) birth control (Woessner, et al.. Steroids 54, 491, 1989), 
13 j) dystrophobic epidermolysis bullosa (Kronberger, et al., J. Invest. Dermatol. 79, 208, 1 982), and 
; k) degenerative cartilage loss following traumatic joint injury, 1) conditions leading to 

' inflammatory responses, osteopenias mediated by MMP activity, m) tempero mandibular joint 

•I 

U disease, n) demyelating diseases of the nervous system (Chantry, et al., J. Neurochem. 50, 688, 
S 1988). 

lb The present invention has a substantial similarity with metalloproteinase/ disintegrin 

p 

|!i family termed ADAM. ADAM protein was isolated from myeloma cells, bovine brain or 
mammary derived epithelial cells. Northern blotting was used to confirm expression. 
Chondrocytes were an important source of metalloproteinase enzymes involved in joint 
pathology the potential relevance of tiie expression of these molecules to connective tissue 

25 disorders. 

The ADAMs (a disintegrin and metalloprotease domain) are a family of type I 
transmembrane glycoproteins that are important in diverse biologic processes, such as cell 
adhesion and proteolytic shedding of cell surface receptors. Structurally, ADAMs consist of a 
prodomain that blocks protease activity; a zinc-binding metalloprotease domain; disintegrin and 
30 cysteine-rich domains with adhesion activity; an epidermal growth factor-like domain with cell 
fusion activity; a transmembrane domain; and a phosphorylated cytoplasmic regulatory domain. 
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For references related to metalloprotease, see review of McKie et aL, Biochem Biophys 
Res Conunun 1997 Jan 13;230(2):335-9; Herren et aL, FASEB J. 11: 173-180, 1997; Karkkainen 
et al.. Cell Genet. 88: 206-207, 2000; Kratzschmar et al, J. Biol. Chem. 271: 4593-4596, 1996; 
Nath et al, J. Cell Sci. 112: 579-587, 1999; Primakoff et al.. Trends Genet. 16: 83-87, 2000; 
5 Zhang et al, J. Biol. Chem. 273: 7345-7350, 1998. 

Protease proteins, particularly members of the metalloprotease subfamily, are a major target 
for drug action and development Accordingly, it is valuable to the field of pharmaceutical 
development to identify and characterize previoxisly unknown members of this subfamily of protease 
proteins. The present invention advances the state of the art by providing a previously unidentified 
10 human protease proteins that have homology to members of tiie metalloprotease subfamily. 



, , SUMMARY OF THE INVENTION 

j! ^ The present invention is based in part on the identification of amino acid sequences of 

'^t human protease peptides and proteins that are related to the metalloprotease subfamily, as well as 
ifS allelic variants and other mammalian ortiiologs thereof These unique peptide sequences, and 
i: J nucleic acid sequences that encode these peptides, can be used as models for the development of 

human therapeutic targets, aid in tiie identification of therapeutic proteins, and serve as targets for 
fU the development of human therapeutic agents that modulate protease activity in cells and tissues 

that express the protease. Experimental data as provided in Figure 1 indicates expression in the 
Sb placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye and leucocyte. 

DESCRIPTION OF THE FIGURE SHEETS 

FIGURE 1 provides the nucleotide sequence of a cDNA molecule sequence that encodes 
the protease protein of the present invention. (SEQ ID N0:1) In addition, structure and 
25 fimctional information is provided, such as ATG start, stop and tissue distribution, where 

available, that allows one to readily determine specific uses of inventions based on this molecular 
sequence. Experimental data as provided in Figure 1 indicates expression in the placenta, lung, 
ovary, colon, kidney, thyroid gland, prostate, eye and leucocyte. 

FIGURE 2 provides the predicted amino acid sequence of the protease of the present 
30 invention. (SEQ ID N0:2) In addition structure and functional information such as protein 
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family, function, and modification sites is provided where available, allowing one to readily 
determine specific uses of inventions based on this molecular sequence. 

FIGURE 3 provides genomic sequences that span the gene encoding the protease protein 
of the present invention. (SEQIDN0:3) In addition stmcture and functional information, such 
5 as intron/exon structure, promoter location, etc., is provided where available, allowing one to 
readily determine specific uses of inventions based on this molecular sequence. As illustrated in 
Figure 3, SNPs, including insertion/deletion variants ("indels"), were identified at 7 different 
nucleotide positions. 



1 0 DETAILED DESCRIPTION OF THE INVENTION 

General Description 

Q The present invention is based on the sequencing of the human genome. During the 

i ^ sequencing and assembly of the human genome, analysis of the sequence information revealed 
' P previously unidentified fi-agments of the human genome that encode peptides that share structural 

in 

© and/or sequence homology to protein/peptide/domains identified and characterized within the art 
as being a protease protein or part of a protease protein and are related to the metalloprotease 
subfamily. Utilizing these sequences, additional genomic sequences were assembled and 
i i transcript and/or cDNA sequences were isolated and characterized. Based on this analysis, the 
• £ present mvention provides amino acid sequences of human protease peptides and proteins that are 
12^ related to the metalloprotease subfamily, nucleic acid sequences in tiie form of transcript 

sequences, cDNA sequences and/or genomic sequences that encode these protease peptides and 
proteins, nucleic acid variation (allelic information), tissue distribution of expression, and 
information about the closest art known protein/peptide/domain that has structural or sequence 
homology to the protease of the present invention. 
25 In addition to being previously unknown, the peptides that are provided in the present 

invention are selected based on their ability to be used for the development of commercially 
important products and services. Specifically, the present peptides are selected based on 
homology and/or structural relatedness to known protease proteins of the metalloprotease 
subfamily and the expression pattem observed. Experimental data as provided in Figure 1 
30 indicates expression in the placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye and 
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leucocyte. The art has clearly established the commercial importance of members of this family 
of proteins and proteins that have expression patterns similar to that of the present gene. Some of 
the more specific features of the peptides of the present invention, and the uses thereof, are 
described herein, particularly in the Background of the Invention and m the annotation provided 
5 in the Figures, and/or are known within the art for each of the known metalloprotease family or 
subfamily of protease proteins. 

Specific Embodiments 
Peptide Molecules 

1 0 The present invention provides nucleic acid sequences that encode protein molecules that 

have been identified as being members of the protease family of proteins and are related to the 
Q; metalloprotease subfamily (protein sequences are provided in Figure 2, transcript/cDNA 
: f sequences are provided in Figure 1 and genomic sequences are provided in Figure 3). The 
' P peptide sequences provided in Figure 2, as well as the obvious variants described herein, 
i|5 particularly allelic variants as identified herein and using the information in Figure 3, will be 

referred herein as the protease peptides of the present invention, protease peptides, or 
1' f peptides/proteins of the present invention. 

The present invention provides isolated peptide and protein molecules that consist of, 
;;P consist essentially of, or comprise the amino acid sequences of the protease peptides disclosed in 
126 the Figure 2, (encoded by the nucleic acid molecule shown in Figure 1, transcript/cDNA or 

Figure 3, genomic sequence), as well as all obvious variants of these peptides that are within the 
art to make and use. Some of these variants are described in detail below. 

As used herein, a peptide is said to be "isolated" or "purified" when it is substantially fi:ee 
of cellular material or free of chemical precursors or other chemicals. The peptides of the present 
25 invention can be purified to homogeneity or other degrees of purity. The level of purification will be 
based on the intended use. The critical feature is that the preparation allows for the desired fimction 
of the peptide, even if in the presence of considerable amounts of other components (the features of 
an isolated nucleic acid molecule is discussed below). 

In some uses, "substantially free of cellular material" includes preparations of the peptide 
30 having less than about 30% (by dry weight) other proteins (i.e., contaminating protein), less than 
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about 20% other proteins, less than about 10% other proteins, or less tiian about 5% other proteins. 
When the peptide is recombinantly produced, it can also be substantially free of culture medium, i.e., 
culture medium represents less than about 20% of the volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
preparations of the peptide in which it is separated from chemical precursors or other chemicals that 
are involved in its synthesis. In one embodiment, the language "substantially free of chemical 
precursors or other chemicals" includes preparations of the protease peptide having less than about 
30% (by dry weight) chemical precursors or other chemicals, less than about 20% chemical 
precursors or other chemicals, less than about 10% chemical precursors or other chemicals, or less 
than about 5% chemical precursors or other chemicals. 

The isolated protease peptide can be purified from cells that naturally express it, purified 
from cells that have been altered to express it (recombinant), or synthesized using known protein 
synthesis methods. Experimental data as provided in Figure 1 indicates expression in the placenta, 
lung, ovary, colon, kidney, thyroid gland, prostate, eye and leucocyte. For example, a nucleic acid 
molecule encoding the protease peptide is cloned into an expression vector, the expression vector 
introduced into a host cell and tfie protein expressed in the host cell. The protein can then be isolated 
from the cells by an appropriate purification scheme using standard protein purification techniques. 
Many of these techniques are described in detail below. 

Accordingly, the present invention provides proteins that consist of the amino acid 
sequences provided in Figure 2 (SEQ ID N0:2), for example, proteins encoded by the 
transcript/cDNA nucleic acid sequences shown in Figure 1 (SEQ ID N0:1) and the genomic 
sequences provided in Figure 3 (SEQ ID N0:3). The ammo acid sequence of such a protein is 
provided in Figure 2. A protein consists of an amino acid sequence when the amino acid sequence is 
the final amino acid sequence of the protein. 

The present invention ftirther provides proteins that consist essentially of the amino acid 
sequences provided in Figure 2 (SEQ ID N0:2), for example, proteins encoded by the 
transcript/cDNA nucleic acid sequences shown in Figure 1 (SEQ ID N0:1) and the genomic 
sequences provided in Figure 3 (SEQ ID N0:3). A protein consists essentially of an amino acid 
sequence when such an amino acid sequence is present with only a few additional amino acid 
residues, for example from about 1 to about 100 or so additional residues, typically from 1 to about 
20 additional residues in the final protein. 
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The present invention further provides proteins that comprise the amino acid sequences 
provided in Figure 2 (SEQ ID N0:2), for example, proteins encoded by the transcript/cDNA nucleic 
acid sequences shown in Figure 1 (SEQ ID N0:1) and the genomic sequences provided m Figure 3 
(SEQ ID N0:3). A protein comprises an amino acid sequence when the amino acid sequence is at 

5 least part of the final amino acid sequence of the protein. In such a fashion, the protein can be only 
the peptide or have additional amino acid molecules, such as amino acid residues (contiguous 
encoded sequence) that are naturally associated with it or heterologous amino acid residues/peptide 
sequences. Such a protein can have a few additional amino acid residues or can comprise several 
hundred or more additional amino acids. The preferred classes of proteins that are comprised of the 

1 0 protease peptides of the present invention are the naturally occurring mature proteins. A brief 
description of how various types of these proteins can be made/isolated is provided below. 

The protease peptides of the present invention can be attached to heterologous sequences to 

1= 1 form chimeric or fusion proteins. Such chimeric and fusion proteins comprise a protease peptide 

'i SSI? 

^ operatively linked to a heterologous protein having an amino acid sequence not substantially 
IS homologous to the protease peptide. "Qperatively linked" indicates that the protease peptide and the 
I' 4 heterologous protein are fused in-frame. The heterologous iH-otein can be fused to the N-terminus or 
C-terminus of the protease peptide. 

ii 

M In some uses, the fusion protein does not affect the activity of the protease peptide per se. 

i, J For example, the fusion protein can include, but is not limited to, enzymatic fusion proteins, for 

example beta-galactosidase fusions, yeast two-hybrid GAL fusions, poly-His fusions, MYC-tagged, 

S Hl-tagged and Ig fusions. Such fiision proteins, particularly poly-His fusions, can facilitate the 
purification of recombinant protease peptide. In certain host cells (e.g., mammalian host cells), 
expression and/or secretion of a protein can be increased by using a heterologous signal sequence. 
A chimeric or fusion protein can be produced by standard recombinant DNA techniques. 

25 For example, DNA fragments coding for tiie different protein sequences are ligated together in- 
frame in accordance with conventional techniques. In another embodiment, the fusion gene can be 
synthesized by conventional techniques including automated DNA synthesizers. Alternatively, PGR 
amplification of gene fragments can be carried out using anchor primers which give rise to 
complementary overhangs between two consecutive gene fragments which can subsequently be 

30 annealed and re-amplified to generate a chimeric gene sequence (see Ausubel et aL, Current 
Protocols in Molecular Biology, 1992). Moreover, many expression vectors are commercially 
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available that already encode a fusion moiety (e.g., a GST protein). A protease peptide-encoding 
nucleic acid can be cloned into such an expression vector such that the fusion moiety is linked in- 
frame to the protease peptide. 

As mentioned above, the present invention also provides and enables obvious variants of the 
5 amino acid sequence of the proteins of the present invention, such as naturally occurring mature 
forms of the peptide, allelic/sequence variants of the peptides, non-naturally occurring 
recombinantly derived variants of the peptides, and orthologs and paralogs of the peptides. Such 
variants can readily be generated using art-known techniques in the fields of recombinant nucleic 
acid technology and protein biochemistry. It is understood, however, that variants exclude any 

10 amino acid sequences disclosed prior to the invention. 

Such variants can readily be identified/made using molecular techniques and the sequence 
information disclosed herein. Further, such variants can readily be distinguished from other 
\Z peptides based on sequence and'or structural homology to the protease peptides of the present 
= 3 invention. The degree of homology/identity present will be based primarily on whether the peptide 
m is a functional variant or non-functional variant, the amount of divei^ence present in the paralog 

! ii"s 

!' '4 family and the evolutionary distance between the orthologs. 

To determine the percent identity of two amino acid sequences or two nucleic acid 
sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be 

; ^. introduced in one or both of a first and a second amino acid or nucleic acid sequence for optimal 

11 m 

# alignment and non-homologous sequences can be disregarded for comparison purposes). In a 

U' preferred embodiment, at least 30%, 40%, 50%, 60%, 70%, 80%, or 90% or more of the length of 
a reference sequence is aligned for comparison purposes. The amino acid residues or nucleotides 
at corresponding amino acid positions or nucleotide positions are then compared. When a 
position in the first sequence is occupied by the same amino acid residue or nucleotide as the 

25 corresponding position in the second sequence, then the molecules are identical at that position 
(as used herein amino acid or nucleic acid "identity" is equivalent to amino acid or nucleic acid 
"homology"). The percent identity between the two sequences is a function of the number of 
identical positions shared by the sequences, taking into account the number of gaps, and the 
length of each gap, which need to be introduced for optimal alignment of the two sequences. 

30 The comparison of sequences and determination of percent identity and similarity 

between two sequences can be accomplished using a mathematical algorithm. (Computational 
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Molecular Biology, Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing: 
Informatics and Genome Projects, Smith, D.W., ed.. Academic Press, New York, 1993; Computer 
Analysis of Sequence Data, Part 1, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New 
Jersey, 1994; Sequence Analysis in Molecular Biology, von Hernje, G., Academic Press, 1987; and 

5 Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 
1991). In a preferred embodiment, the percent identity between two amino acid sequences is 
determined using the Needleman and Wunsch (J. Mol. Biol. (48):444-453 (1970)) algorithm 
vMch has been incorporated into the GAP program in the GCG software package (available at 
http://www.gcg.com), using either a Blossom 62 matrix or a PAM250 matrix, fflid a gap weight 

10 of 1 6, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred 

embodiment, the percent identity between two nucleotide sequences is determined using the GAP 
program in the GCG software package (Devereux, J., et al, Nucleic Acids Res. 12(1):3S7 (1984)) 

^ (available at http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 

3 60, 70, or 80 and a length weight of 1 , 2, 3, 4, 5, or 6. In another embodiment, the percent 

Ip identity between two amino acid or nucleotide sequences is determined using the algorithm of E. 

'M Myers and W. Miller (CABIOS, 4:1 1-17 (1989)) which has been incorporated into the ALIGN 
program (version 2.0), using a PAM120 weight residue table, a gap length penalty of 12 and a 

|n=H. gap penalty of 4. 

; ^- The nucleic acid and protein sequences of the present invention can further be used as a 

# "query sequence" to perform a search against sequence databases to, for example, identify other 
1=1 fiamily members or related sequences. Such searches can be performed using the NBLAST and 
XBLAST programs (version 2.0) of Altschul, et al (J. Mol Biol 215:403-10 (1990)). BLAST 
nucleotide searches can be performed with the NBLAST program, score = 100, wordlength = 12 
to obtain nucleotide sequences homologous to the nucleic acid molecules of the invention. 
25 BLAST protein searches can be performed with the XBLAST program, score = 50, wordlength = 
3 to obtain amino acid sequences homologous to the proteins of the invention. To obtain gapped 
aUgnments for comparison purposes, Gapped BLAST can be utilized as described in Altschul et 
al {Nucleic Acids Res, 25(17):3389-3402 (1997)). When utilizing BLAST and gapped BLAST 
programs, the default parameters of the respective programs (e.g., XBLAST and NBLAST) can 
30 be used. 
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Full-length pre-processed forms, as well as mature processed forms, of proteins that 
comprise one of the peptides of the present invention can readily be identified as having complete 
sequence identity to one of the protease peptides of the present invention as well as being encoded 
by the same genetic locus as the protease peptide provided herein. As indicated by the data presented 
5 in Figure 3, the map position was determined to be on chromosome 1 by ePCR. 

AUeUc variants of a protease peptide can readily be identified as being a human protein 
having a high degree (significant) of sequence homology/identity to at least a portion of the protease 
peptide as well as being encoded by the same genetic locus as tiie protease peptide provided herein. 
Genetic locus can readily be determined based on the genomic information provided in Figure 3, 
1 0 such as the genomic sequence mapped to the reference human. As indicated by the data presented in 
Figure 3, the map position was determined to be on chromosome 1 by ePCR. As used herein, two 
proteins (or a region of the proteins) have significant homology when the amino acid sequences 
K are typically at least about 70-80%, 80-90%, and more typically at least about 90-95% or more 
^ 3 homologous. A significantly homologous amino acid sequence, according to the present 
P invention, will be encoded by a nucleic acid sequence that will hybridize to a protease peptide 
'M encoding nucleic acid molecule under stringent conditions as more fiilly described below, 
i' Figure 3 provides information on SNPs that have been found in the gene encoding the 

h4 protease protein of the present invention. SNPs were identified at 7 different nucleotide positions in 
I ^. introns and regions 5' and 3' of the ORF. Such SNPs in introns and outside the ORF may affect 
ilb control/regulatory elements. 

ji 2 Paralogs of a protease peptide can readily be identified as having some degree of significant 

sequence homology/identity to at least a portion of the protease peptide, as being encoded by a gene 
fi-om humans, and as having similar activity or fimction. Two proteins will typically be considered 
paralogs when the amino acid sequences are typically at least about 60% or greater, and more 

25 typically at least about 70% or greater homology through a given region or domain. Such 
paralogs will be encoded by a nucleic acid sequence that will hybridize to a protease peptide 
encoding nucleic acid molecule under moderate to stringent conditions as more fiiUy described 
below. 

Orthologs of a protease peptide can readily be identified as having some degree of 
30 significant sequence homology/identity to at least a portion of the protease peptide as well as being 
encoded by a gene fi-om another organism. Preferred orthologs will be isolated firom mammals, 
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preferably primates, for tiie development of human therapeutic targets and agents. Such orthologs 
will be encoded by a nucleic acid sequence that will hybridize to a protease peptide encoding 
nucleic acid molecule under moderate to stringent conditions, as more fully described below, 
depending on the degree of relatedness of the two organisms yielding the proteins. As indicated 
5 by the data presented in Figure 3, the map position was determined to be on chromosome 1 by 
ePCR. 

Figure 3 provides information on SNPs that have been found in the gene encoding the 
protease protein of the present invention. SNPs were identified at 7 different nucleotide positions in 
introns and regions 5' and 3' of the ORF. Such SNPs in introns and outside the ORF may affect 
1 0 control/regulatory elements. 

Non-naturally occurring variants of the protease peptides of the present invention can readily 
be generated using recombinant techniques. Such variants include, but are not limited to deletions, 
additions and substitutions in the amino acid sequence of the protease peptide. For example, one 
class of substitutions are conserved amino acid substitution. Such substitutions are those that 
Ip substitute a given amino acid in a protease peptide by another amino acid of like characteristics, 
i-i Typically seen as conservative substitutions are the replacements, one for another, among the 
^' " aliphatic amino acids Ala, Val, Leu, and He; interchange of the hydroxyl residues Ser and Thr; 

exchange of the acidic residues Asp and Glu; substitution between the amide residues Asn and Gin; 
i exchange of the basic residues Lys and Arg; and replacements among the aromatic residues Phe and 
# Tyr. Guidance concerning which amino acid changes are hkely to be phenotypically silent are 
found in Bowie et d.. Science 2¥7:1306-1310 (1990). 

Variant protease peptides can be fully functional or can lack function in one or more 
activities, e.g. ability to bind substrate, ability to cleave substrate, ability to participate in a signaling 
pathway, etc. Fully functional variants typically contain only conservative variation or variation in 
25 non-critical residues or in non-critical regions. Figure 2 provides the result of protein analysis and 
can be used to identify critical domains/regions. Functional variants can also contain substitution of 
similar amino acids that result in no change or an insignificant change in fimction. Alternatively, 
such substitutions may positively or negatively affect fimction to some degree. 

Non-functional variants typically contain one or more non-conservative amino acid 
30 substitutions, deletions, insertions, inversions, or truncation or a substitution, insertion, inversion, or 
deletion in a critical residue or critical region. 
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Amino acids that are essential for function can be identified by methods known in the art, 
such as site-directed mutagenesis or alanine-scanning mutagenesis (Cunningham et al. Science 
2^^:1081-1085 (1989)), particularly using the results provided in Figure 2. The latter procedure 
introduces single alanine mutations at every residue in the molecule. The resulting mutant 
5 molecules are then tested for biological activity such as protease activity or in assays such as an in 
vitro proliferative activity. Sites that are critical for binding partner/substrate binding can also be 
determined by structural analysis such as crystallization, nuclear magnetic resonance or 
photoaflBnity labeling (Smith et al, J, Mol Biol 22^:899-904 (1992); de Vos et al Science 255:306- 
312(1992)). 

1 0 The present invention ftirther provides fragments of the protease peptides, in addition to 
proteins and peptides that comprise and consist of such fragments, particularly those comprising the 
residues identified in Figure 2. The fragments to which the invention pertains, however, are not to 

1. ..5- 

f 1 be construed as encompassing fragments that may be disclosed publicly prior to the present 
I'^f invention. 

11 As used herein, a fragment comprises at least 8, 10, 12, 14, 16, or more contiguous amino 
i fl - 

} acid residues from a protease peptide. Such fragments can be chosen based on tiie ability to retam 

^ " one or more of the biological activities of the protease peptide or could be chosen for the ability to 
i' ^ perform a function, e.g. bind a substrate or act as an immunogen. Particularly important fragments 
f J are biologically active fragments, peptides that are, for example, about 8 or more amino acids in 
'•^ length. Such fragments will typically comprise a domain or motif of tiie protease peptide, e.g., active 
\ i site, a transmembrane domain or a substrate-binding domain. Further, possible fragments include, 
but are not limited to, domain or motif containing fragments, soluble peptide fragments, and 
fragments containing immunogenic structures. Predicted domains and fiinctional sites are readily 
identifiable by computer programs well known and readily available to those of skill in tiie art (e.g., 
25 PROSITE analysis). The results of one such analysis are provided in Figure 2. 

Polypeptides often contain amino acids otiier tiian the 20 amino acids commonly referred to 
as the 20 naturally occurring amino acids. Further, many amino acids, including the terminal amino 
acids, may be modified by natural processes, such as processing and other post-translational 
modifications, or by chemical modification techniques well known in the art. Common 
30 modifications fliat occur naturally in protease peptides are described in basic texts, detailed 
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monographs, and the research literature, and they are well known to those of skill in the art (some of 
these features are identified in Figure 2). 

Known modifications include, but are not limited to, acetylation, acylation, ADP- 
ribosylation, amidation, covalent attachment of flavin, covalent attachment of a heme moiety, 
5 covalent attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid 
derivative, covalent attachment of phosphotidylinositol, cross-linking, cycHzation, disulfide bond 
formation, demethylation, formation of covalent crosslinks, formation of cystine, formation of 
pyroglutamate, formylation, gamma carboxylation, glycosylation, GPI anchor formation, 
hydroxylation, iodination, methylation, myristoylation, oxidation, proteolytic processing, 
1 0 phosphorylation, prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated 
addition of amino acids to proteins such as arginylation, and ubiquitination. 

Such modifications are well known to those of skill in the art and have been described in 
Q great detail in the scientific literature. Several particularly common modifications, glycosylation, 
3 lipid attachment, sulfation, gammarcarboxylation of ghitamic acid residues, l^droxylation and ADP- 
15 ribosylation, for instance, are described in most basic texts, such as Proteins - Structure and 
Q Molecular Properties, 2nd Ed., T.E. Creighton, W. H. Freeman and Company, New York (1993). 
i * Many detailed reviews are available on this subject, such as by Wold, F., Posttranslational Covalent 
U Modification of Proteins, B.C. Johnson, Ed., Academic Press, New York 1-12 (1 983); Seifter et al. 
i,i {Meth. Enzymol 182: 626-646 (1990)) and Rattan et al. (Ann. N. Y. Acad. Sci. 555:48-62 (1992)). 
# Accordingly, the protease peptides of the present invention also encompass derivatives or 

jii analogs in which a substituted amino acid residue is not one encoded by tiie genetic code, in which a 
substituent group is included, in which the mature protease peptide is fiased with another compound, 
such as a compound to increase tiie half-life of the protease peptide (for example, polyethylene 
glycol), or in which the additional amino acids are fiised to the mature protease peptide, such as a 
25 leader or secretory sequence or a sequence for purification of the mature protease peptide or a pro- 
protein sequence. 

Protein/Peptide Uses 

The proteins of the present invention can be used in substantial and specific assays related 
30 to the fijnctional information provided in the Figures; to raise antibodies or to elicit another 

immune response; as a reagent (including the labeled reagent) m assays designed to quantitatively 
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determine levels of the protein (or its binding partner or ligand) in biological fluids; and as 
markers for tissues in which the corresponding protein is preferentially expressed (either 
constitutively or at a particular stage of tissue differentiation or development or in a disease 
state). Where the protein binds or potentially binds to another protein or ligand (such as, for 

5 example, in a protease-effector protein interaction or protease-ligand interaction), the protein can 
be used to identify the binding partner/ligand so as to develop a system to identify inhibitors of 
the binding interaction. Any or all of these uses are capable of being developed into reagent grade 
or kit format for coiKunercialization as commercial products. 

Methods for performing the uses listed above are well known to those skilled in the art. 

0 References disclosing such methods include "Molecular Cloning: A Laboratory Manual", 2d ed.. 
Cold Sprmg Harbor Laboratory Press, Sambrook, J., E. F. Fritsch and T. Maniatis eds., 1989, and 
"Methods in Enzymology: Guide to Molecular Cloning Techniques", Academic Press, Berger, S. 

t L.andA.R.Kmimeleds., 1987. 

3 UTILITY_UTILITY 

P The potential uses of the peptides of the present invention are based primarily on the 

' ■J source of the protein as well as tiie class/action of the protein. For example, proteases isolated 
■* from humans and tiieir human/mammalian orthologs serve as targets for identifying agents for 
^ use in mammalian therapeutic applications, e.g. a human drug, particularly m modulating a 
^ biological or pathological response in a cell or tissue that expresses the protease. Experimental 
i3 data as provided in Figure 1 indicates that protease proteins of the present invention are expressed 
t in the placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye detected by a vutual 

northern blot. In addition, PCR-based tissue screening panel indicates expression in leucocyte. A 
large percentage of pharmaceutical agents are being developed that modulate tiie activity of 
protease proteins, particularly members of the metalloprotease subfamily (see Background of the 
25 Invention). The structural and functional information provided in the Background and Figures 
provide specific and substantial uses for the molecules of the present invention, particularly in 
combination with Hie expression information provided ui Figure 1 . Experimental data as provided 
in Figure 1 indicates expression in the placenta, lung, ovary, colon, kidney, thyroid gland, 
prostate, eye and leucocyte. Such uses can readily be determined using the information provided 
30 herein, that which is known in the art, and routine experimentation. 
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The proteins of the present invention (including variants and fragments that may have been 
disclosed prior to the present invention) are useftil for biological assays related to proteases lhat are 
related to members of the metalloprotease subfamily. Such assays involve any of the known 
protease functions or activities or properties useful for diagnosis and treatment of protease-related 

5 conditions that are specific for the subfamily of proteases that the one of the present invention 

belongs to, particularly in cells and tissues that express the protease. Experimental data as provided 
in Figure 1 indicates that protease proteins of the present invention are expressed in the placenta, 
lung, ovary, colon, kidney, thyroid gland, prostate, eye detected by a virtual northem blot, hi 
addition, PCR-based tissue screening panel indicates expression in leucocyte. 

1 0 The proteins of the present invention are also useful in drug screenmg assays, in cell-based 

or cell-free systems. Cell-based systems can be native, i.e., cells that normally express the protease, 
as a biopsy or expanded in cell culture. Experimental data as provided in Figure 1 indicates 
expression in the placenta, hmg, ovary, colon, kidney, thyroid gland, prostate, eye and leucocyte, hi 

j' 3 an alternate embodiment, cell-based assays involve recombmant host cells expressing the protease 
protein. 

L: The polypeptides can be used to identify compoimds that modulate protease activity of the 

i"^ protein in its natural state or an altered form tiiat causes a specific disease or pathology associated 
|, ^ with the protease. Both the proteases of the present invention and ^propriate variants and 
; H fragments can be used in high-throughput screens to assay candidate compounds for the ability to 
bind to the protease. These compounds can be further screened against a ftmctional protease to 
deteraiine the effect of the compound on the protease activity. Further, these compounds can be 
tested in animal or invertebrate systems to detemiine activity/effectiveness. Compounds can be 
identified that activate (agonist) or inactivate (antagonist) the protease to a desired degree. 

Further, the proteins of the present invention can be used to screen a compound for the 
25 ability to stimulate or inhibit interaction between the protease protein and a molecule tiiat normally 
interacts with the protease protein, e.g. a substrate or a component of the signal pathway that the 
protease protein nomially interacts (for example, a protease). Such assays typically include the steps 
of combining the protease protein with a candidate compound under conditions that allow the 
protease protein, or fragment, to mteract with the target molecule, and to detect the formation of a 
30 complex between the protem and the target or to detect the biochemical consequence of the 
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interaction with the protease protein and the target, such as any of the associated effects of signal 
transduction such as protein cleavage, cAMP turnover, and adenylate cyclase activation, etc. 

Candidate compounds include, for example, 1) peptides such as soluble pq)tides, including 
Ig-tailed fusion peptides and members of random peptide libraries (see, e.g.. Lam et d., Nature 

5 354:S2-S4 (1991); Houghten et al. Nature 354:U-S6 (1991)) and combinatorial chemistry-derived 
molecular libraries made of D- and/or L- configuration amino acids; 2) phosphopeptides (e.g., 
members of random and partially degenerate, directed phosphopeptide libraries, see, e.g., Songyang 
et al. Cell 72:767-77% (1993)); 3) antibodies (e.g., polyclonal, monoclonal, humanized, anti- 
idioiypic, chimeric, and smgle chain antibodies as well as Fab, ¥(ab% Fab expression Ubrary 

1 0 fragments, and epitope-binding fragments of antibodies); and 4) small orgamc and inorganic 
molecules (e.g., molecules obtained from combinatorial and natural product libraries). 

One candidate compound is a soluble fragment of the receptor that competes for substrate 
binding. Other candidate compounds include mutant proteases or appropriate fragments containing 

''3 mutations that affect protease fimction and thus compete for substrate. Accordingly, a fragment that 

It sat 

P competes for substrate, for example with a higher affinity, or a fragment that binds substrate but 

} ^ does not allow release, is encompassed by the invention, 

i"* The invention furtiier includes other end point assays to identify compounds tihat modulate 

Ia (stimulate or inhibit) protease activity. The assays typically involve an assay of events in tiie signal 

Vs s 

i H transduction pathway that indicate protease activity. Thus, the cleavage of a substrate, 

=S|i) inactivation/activation of a protein, a change in the expression of genes that are up- or down- 

j' J regulated in response to the protease protein dependent signal cascade can be assayed. 

Any of the biological or biochemical functions mediated by the protease can be used as an 
endpomt assay. These include all of the biochemical or biochemical/biological events described 
herein, in the references cited herein, incorporated by reference for these endpoint assay targets, and 
25 other functions known to those of ordinary skill in the art or that can be readily identified using the 
information provided in the Figures, particularly Figure 2. Specifically, a biological function of a 
cell or tissues that expresses the protease can be assayed. Experimental data as provided in Figure 1 
indicates that protease proteins of the present invention are expressed in the placenta, lung, ovary, 
colon, kidney, thyroid gland, prostate, eye detected by a virtual northem blot. In addition, PCR- 
30 based tissue screening panel indicates expression in leucocyte. 
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Binding and/or activating compovinds can also be screened by using chimeric protease 
proteins in which the amino terminal extracellular domain, or parts thereof, tiie entire 
transmembrane domain or subregions, such as any of the seven ti^insmembrane segments or any of 
the intracellular or extracellular loops and the carboxy terminal intiracellular domain, or parts thereof, 

5 can be replaced by heterologous domains or subregions. For example, a substrate-binding region 
can be used that interacts with a different substrate then that which is recognized by the native 
protease. Accordingly, a different set of sigial transduction components is available as an end-point 
assay for activation. This allows for assays to be performed in other than the specific host cell from 
vMch. the protease is derived. 

0 The proteins of the present invention are also useful in competition binding assays in 

metiiods designed to discover compounds that interact with tiie protease (e.g. binding partners and/or 
ligands). Thus, a compound is exposed to a protease polypeptide under conditions that allow the 

2 compound to bind or to otherwise interact with the polypeptide. Soluble protease polypeptide is also 

3 added to the mbrture. If the test compound interacts with the soluble protease polypeptide, it 

P decreases the amount of complex formed or activity from the protease target. This type of assay is 
11 particularly usefid in cases in which compounds are sought that interact with specific regions of the 

tasf 

^ protease. Thus, the soluble polypeptide that competes with the target protease region is designed to 
contain peptide sequences corresponding to the region of interest. 

To perform cell free drug screening assays, it is sometimes desirable to immobilize either the 
i3 protease protdn, or fragment, or its target molecule to facilitate separation of complexes from 

2 uncomplexed forms of one or both of the proteins, as well as to accommodate automation of the 
assay. 

Techniques for immobilizing proteins on matrices can be used in the drug screening assays. 
In one embodiment, a fiision protein can be provided which adds a domain tiiat allows the protein to 
25 be bound to a matrix. For example, glutathione-S-transferase fiision proteins can be adsorbed onto 
glutathione sepharose beads (Sigma Chemical, St Louis, MO) or glutathione derivatized microtitre 
plates, which are then combined with the cell lysates (e.g., ^^S-labeled) and the candidate compound, 
and the mixture incubated under conditions conducive to complex formation (e.g.^ at physiological 
conditions for salt and pH). Following incubation, tiie beads are washed to remove any unbound 

3 0 label, and the matrix immobilized and radiolabel determined directly, or in the supernatant after the 

complexes are dissociated. Alternatively, the complexes can be dissociated from the matrix, 
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separated by SDS-PAGE, and the level of protease-binding protein found in the bead fraction 
quantitated from the gel using standard electrophoretic techniques. For example, either the 
polypeptide or its target molecule can be immobilized utilizing conjugation of biotin and 
streptavidin using techniques well known in the art. Altematively, antibodies reactive with the 

5 protein but which do not interfere with binding of the protem to its target molecule can be 

derivatized to the wells of the plate, and the protein trapped in the wells by antibody conjugation. 
Preparations of a protease-binding protein and a candidate compound are incubated in the protease 
protein-presentmg wells and the amount of complex trapped in the well can be quantitated. Methods 
for detecting such complexes, in addition to those described above for the GST-immobilized 

10 complexes, include immunodetection of complexes using antibodies reactive with the protease 
protein target molecule, or which are reactive with protease protein and compete with the target 
molecule, as well as enzyme-linked assays which rely on detecting an enzymatic activity associated 

U 

with the target molecule. 

p Agents tiiat modulate one of the proteases of the present invention can be identified using 

b one or more of the above assays, alone or in combination. It is generally preferable to use a cell- 
based or cell free system first and then confirm activity in an anunal or o^ Such 
model systems are well known in the art and can readily be employed in this context. 
'U Modulators of protease protein activity identified according to these drug screening assays 

1^ can be used to treat a subject with a disorder mediated by the protease pathway, by treating cells or 
ID tissues that express the protease. Experimental data as provided in Figure 1 indicates expression in 
I'X the placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye and leucocyte. These methods 
of treatment include the steps of administering a modulator of protease activity in a pharmaceutical 
composition to a subject in need of such treatment, the modulator being identified as described 
herein. 

25 In yet another aspect of the invention, the protease protems can be used as "bait proteins" 

in a two-hybrid assay or three-hybrid assay (see, e.g., U.S. Patent No. 5,283,317; Zervos et al. 
(1993) Cell 72:223-232; Madura et al. (1993) J. Biol. Chem. 268:12046-12054; Bartel et al. 
(1993) Biotechniques 14:920-924; Iwabuchi etal (1993) Oncogene 8:1693-1696; and Brent 
WO94/10300), to identify other proteins, which bind to or interact with the protease and are 

30 involved in protease activity. Such protease-binding proteins are also likely to be involved in the 
propagation of signals by the protease proteins or protease targets as, for example, downstream 
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elements of a protease-mediated signaling pathway. Alternatively, such protease-binding 
proteins are likely to be protease inhibitors. 

The two-hybrid system is based on the modxilar nature of most transcription factors, 
which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes two 
5 different DNA constructs. In one construct, the gene that codes for a protease protein is fused to 
a gene encoding the DNA bindmg domain of a known transcription factor (e.g., GAL-4). In the 
other construct, a DNA sequence, from a library of DNA sequences, that encodes an unidentified 
protein ("prey" or "sample") is fused to a gene that codes for the activation domain of the known 
transcription factor. If the "bait" and the "prey" proteins are able to interact, in vivo, forming a 

1 0 protease-dependent complex, the DNA-binding and activation domains of tiie transcription factor 
are brought into close proximity. This proximity allows ti:anscription of a reporter gene (e.g., 
LacZ) which is operably linked to a transcriptional regulatory site responsive to the transcription 

[i* factor. Expression of the reporter gene can be detected and cell colonies containing the 

R fimctional transcription factor can be isolated and used to obtain the cloned gene which encodes 

ilg the protein which interacts with the protease protein. 

!; 11 This invention further pertains to novel agents identified by tiie above-described screening 

i assays. Accordingly, it is within the scope of this invention to further use an agent identified as 
4 described herein in an appropriate ammal model. For example, an agent identified as described 
herein (e.g., a protease-modulating agent, an antisense protease nucleic acid molecule, a protease- 
specific antibody, or a protease-binding partner) can be used in an animal or other model to 

11 i determine the efficacy, toxicity, or side effects of tireatment with such an agent. Alternatively, an 

agent identified as described herein can be used in an animal or other model to determine the 
mechanism of action of such an agent. Furthermore, this invention pertains to uses of novel 
agents identified by the above-described screening assays for treatments as described herein. 

25 The protease proteins of the present invention are also usefiil to provide a tai^et for 

diagnosing a disease or predisposition to disease mediated by the peptide. Accordmgly, the 
invention provides methods for detecting the presence, or levels of, the protein (or encoding mRNA) 
in a cell, tissue, or organism. E5q)erimental data as provided in Figure 1 indicates expression in the 
placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye and leucocyte. The method 

30 revolves contacting a biological sample vAUh a compound capable of interacting with the protease 
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protein such that ftie interaction can be detected. Such an assay can be provided m a single detection 
format or a multi-detection format such as an antibody chip array. 

One agent for detecting a protein in a sample is an antibody capable of selectively binding to 
protein. A biological sample includes tissues, cells and biological fluids isolated fix)m a subject, as 
5 well as tissues, cells and fluids present within a subject. 

The peptides of the present invention also provide targets for diagnosing active protein 
activity, disease, or predisposition to disease, in a patient having a variant peptide, particularly 
activities and conditions that are known for otiier members of tiie family of proteins to which the 
present one belongs. Thus, the peptide can be isolated iBwm a biological sample and assayed for the 
1 0 presence of a genetic mutation that results in aberrant peptide. This includes amino acid 

substitution, deletion, insertion, rearrangement, (as the result of aberrant splicing events), and 
inappropriate post-translational modification. Analytic methods include altered electrophoretic 
K J mobility, altered tryptic peptide digest, altered protease activity in cell-based or cell-free assay, 
Q alteration in substrate or antibody-binding pattern, altered isoelectric point, direct amino acid 
'ift sequencing, and any other of the known assay techniques usefiil for detecting mutations in a protein. 

'■■ n Such an assay can be provided m a single detection format or a multi-detection format such as an 

□ 

^ antibody chip array. 

!' In vitro techniques for detection of peptide include en2yme linked immunosorbent assays 

! U (ELIS As), Western blots, immunoprecipitations and immunofluorescence usmg a detection reagent, 
such as an antibody or protem binding agent. Alternatively, the peptide can be detected in vivo m a 

i f subject by introducing mto tiie subject a labeled anti-peptide antibody or other types of detection 
agent. For example, the antibody can be labeled with a radioactive marker whose presence and 
location in a subject can be detected by standard imagii^ techniques. Particularly useful are 
methods that detect the allelic variant of a peptide expressed in a subject and methods which detect 

25 fr^ments of a peptide in a sample. 

The peptides are also usefiil in pharmacogenomic analysis. Pharmacogenomics deal with 
clinically significant hereditary variations in the response to drugs due to altered drug disposition 
and abnormal action in affected persons. See, e.g., Eichelbaum, M. {Clin. Exp. Pharmacol. Physiol. 
23(10-1 1):983-985 (1996)), and Linder, M.W. (Clin. Chem. 43(2):254-266 (1997)). The chnical 

30 outcomes of these variations result in severe toxicity of therapeutic drugs in certain individuals or 
therapeutic failure of drugs in certain individuals as a result of individual variation in metabolism 
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Thus, the genotype of the individual can determine the way a therapeutic compound acts on the body 
or the way the body metabolizes the compound. Further, the activity of drug metabolizing enzymes 
effects both the intensity and duration of drug action. Thus, the pharmacogenomics of the individual 
permit the selection of effective compounds and effective dosages of such compounds for 

5 prophylactic or therapeutic treatment based on the individual's genotype. The discovery of genetic 
polymorphisms in some drug metabolizing enzymes has explained why some patients do not obtain 
the expected drug effects, show an exaggerated drug effect, or experience serious toxicity from 
standard drug dosages. Polymorphisms can be e3q)ressed in the phenotype of the extensive 
metabolizer and the phenolype of the poor metabolizer. Accordingly, genetic polymorphism may 

10 lead to allelic protein variants of the protease protein in which one or more of the protease fimctions 
in one population is different from those m another population. The peptides tiius allow a target to 
ascertain a genetic predisposition that can affect treatment modality. Thus, in a ligand-based 
treatment, polymorphism may give rise to amino terminal extracelhilar domains and/or other 

p substrate-binding regions that are more or less active in substrate binding, and protease activation. 
Accordingly, subsfrate dosage would necessarily be modified to maximize tiie ther^utic effect 

':!■? within a given population containing a polymorphism. As an alternative to genotyping, specific 

i"^ polymorphic peptides could be identified. 

Ia The peptides are also useful for treating a disorder characterized by an absence of, 

! ^: inappropriate, or unwanted expression of the protein. Experimental data as provided in Figure 1 
indicates expression in the placenta, lung, ovaiy, colon, kidney, thyroid gland, prostate, eye and 
leucocyte. Accordingly, metiiods for treatment include the use of tiie protease protein or fragments. 

Antibodies 

The invention also provides antibodies tiiat selectively bind to one of the peptides of the 
25 present invention, a protein comprising such a peptide, as well as variants and fi:agments thereof As 
used herein, an antibody selectively binds a target peptide when it binds the tai^et peptide and does 
not significantiy bmd to unrelated proteins. An antibody is still considered to selectively bind a 
peptide even if it also binds to otiier proteins that are not substantially homologous witii tiie target 
peptide so long as such proteins share homology witii a fragment or domain of tiie peptide target of 
30 tiie antibody. In this case, it would be understood tiiat antibody binding to tiie peptide is still 
selective despite some degree of cross-reactivity. 
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As used herein, an antibody is defined in terms consistent with that recognized within the art: 
they are multi-subunit proteins produced by a mammalian organism in response to an antigen 
challenge. The antibodies of the present mvention include polyclonal antibodies and monoclonal 
antibodies, as well as Augments of such antibodies, including, but not limited to. Fab or F(ab')2, and 
5 Fv fragments. 

Many methods are known for generatmg and/or identifying antibodies to a given target 
peptide. Several such methods are described by Harlow, Antibodies, Cold Spring Harbor Press, 
(1989). 

In general, to generate antibodies, an isolated peptide is used as an immunogen and is 
10 administered to a mammalian organism, such as a rat, rabbit or mouse. The full-length protein, an 
antigenic peptide Augment or a fusion protein can be used. Particularly important fragments are 
those covering functional domains, such as the domains identified in Figure 2, and domain of 
sequence homology or divergence amongst the family, such as those that can readily be identified 
using protein aUgnment methods and as presented in the Figures. 
IjJ Antibodies are preferably prepared from regions or discrete fragments of the protease 

0 proteins. Antibodies can be prepared from any region of the peptide as described herein. 
M However, preferred regions will include those involved in function/activity and/or 

1 protease/binding partner interaction. Figure 2 can be used to identify particularly important 
i U regions while sequence alignment can be used to identify conserved and unique sequence 

lis:!!:; 

fragments. 

I An antigenic fragment will typically comprise at least 8 contiguoxis amino acid residues. 
The antigenic peptide can comprise, however, at least 10, 12, 14, 16 or more amino acid residues. 
Such fragments can be selected on a physical property, such as fragments correspond to regions that 
are located on the surface of tiie protein, e.g., hydrophilic regions or can be selected based on 

25 sequence uniqueness (see Figure 2). 

Detection on an antibody of the present invention can be facilitated by coupling (i.e., 
physically linking) the antibody to a detectable substance. Examples of detectable substances 
include various enzymes, prosthetic groups, fluorescent materials, luminescent materials, 
bioluminescent materials, and radioactive materials. Examples of suitable enzymes include 

30 horseradish peroxidase, alkaline phosphatase, p-galactosidase, or acetylcholmesterase; examples of 
suitable prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of 
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suitable fluorescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate, 
rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a 
luminescent material includes luminol; examples of bioluminescent materials include luciferase, 
luciferin, and aequorin, and examples of suitable radioactive material include ^^S or ^H. 

5 

Antibody Uses 

The antibodies can be used to isolate one of the proteins of the present invention by standard 
techniques, such as affinity chromatography or immunoprecipitation. The antibodies can facilitate 
the purification of the natural protein fcom cells and recombuaantly produced protein expressed in 

10 host cells. In addition, such antibodies are useful to detect the presence of one of the proteins of tiie 
present invention in cells or tissues to determine the pattern of expression of the protein among 

I =1, various tissues in an organism and over the course of normal development. Experimental data as 
Si provided in Figure 1 indicates that protease proteins of the present mvention are expressed in Hie 
^ = placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye detected by a virtual northern blot, 
iilf In addition, PCR-based tissue screening panel indicates expression in leucocyte. Further, such 
3 antibodies can be used to detect protein in situ, in vitro, or in a cell lysate or supematant in order to 

11 evaluate the abundance and pattern of expression. Also, such antibodies can be used to assess 
m abnormal tissue distribution or abnormal expression during development or progression of a 

if biological condition. Antibody detection of circulating fragments of the full length protein can be 
lip used to identify turnover. 

' Further, the antibodies can be used to assess expression in disease states such as in active 
stages of the disease or in an individual with a predisposition toward disease related to the protein's 
function. When a disorder is caused by an inappropriate tissue distribution, developmental 
expression, level of expression of the protein, or expressed/processed form, tiie antibody can be 
25 prepared against the normal protein. Experimental data as provided m Figure 1 indicates expression 
in the placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye and leucocyte. If a disorder 
is characterized by a specific mutation in the protein, antibodies specific for this mutant protein can 
be used to assay for the presence of the specific mutant protein. 

The antibodies can also be used to assess normal and aberrant subcellular localization of 
30 cells in the various tissues in an organism. E>q)erimental data as provided in Figure 1 indicates 
expression in tiie placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye and leucocyte. 
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The diagnostic uses can be applied, not only in genetic testing, but also in monitoring a treatment 
modality. Accordingly, where treatment is ultimately aimed at correcting expression level or the 
presence of aberrant sequence and aberrant tissue distribution or developmental expression, 
antibodies directed against flie protein or relevant fragments can be used to monitor therapeutic 
5 efficacy. 

Additionally, antibodies are useM in pharmacogenomic analysis. Thus, antibodies prepared 
against polymorphic proteins can be used to identify individuals that require modified treatment 
modalities. The antibodies are also use&l as diagnostic tools as an immunological marker for 
aberrant protem analyzed by electrophoretic mobility, isoelectric pomt, tiyptic peptide digest, and 
10 other physical assays known to those in the art. 

The antibodies are also usefiil for tissue typing. Experimental data as provided in Figure 1 
indicates expression in the placenta, lung, ovary, colon, kidney, thyroid gland, prostate, eye and 
;! t leucocyte. Thus, where a specific protein has been correlated with expression in a specific tissue, 
''3 antibodies that are specific for this protein can be used to identify a tissue type. 
;5 The antibodies are also useful for inhibiting protein fimction, for example, blocking the 

|l! bhiding of the protease peptide to a binding partner such as a substrate. These uses can also be 
S applied in a therapeutic context in which treatment involves inhibiting the protein's function. An 
antibody can be used, for example, to block binding, thus modulating (agonizing or antagonizing) 
i' y the peptides activity. Antibodies can be prepared against specific fiiagments containing sites 
■Mi required for function or gainst intact protein that is associated with a cell or cell membrane. See 
;; f Figure 2 for structural information relating to tiie protems of the present invention. 

The invention also encompasses kits for using antibodies to detect the presence of a protein 
in a biological sample. The kit can comprise antibodies such as a labeled or labelable antibody and a 
compound or agent for detecting protein m a biological sample; means for determining the amount 
25 of protein in the sample; means for comparing the amount of protein in the sample witii a standard; 
and instiiictions for use. Such a kit can be supplied to detect a single protein or epitope or can be 
configured to detect one of a multitude of epitopes, such as in an antibody detection array. Arrays 
are described in detail below for nucleic acid arrays and similar methods have been developed for 
antibody arrays. 
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Nucleic Acid Molecules 

The present invention further provides isolated nucleic acid molecules that encode a protease 
peptide or protein of the present invention (cDNA, transcript and genomic sequence). Such nucleic 
5 acid molecules will consist of, consist essentially of, or comprise a nucleotide sequence that encodes 
one of the protease peptides of the present invention, an allelic variant thereof, or an ortholog or 
paralog thereof. 

As used herein, an "isolated" nucleic acid molecule is one that is separated fix)m other 

nucleic acid present in the natural source of the nucleic acid. Preferably, an "isolated" nucleic acid is 
10 fiee of sequences which naturally flank the nucleic acid (i.e., sequences located at the 5' and 3' ends 

of the nucleic acid) in the genomic DNA of the organism from which the nucleic acid is derived. 
1' * However, there can be some flanking nucleotide sequences, for example up to about 5KB, 4KB, 
5 3KB, 2KB, or 1KB or less, particularly contiguous peptide encoding sequences and peptide 

encoding sequences within the same gene but separated by introns in the genomic sequence. The 
i| important point is that the mwleic acid is isolated from remote and uniniportant flanking se^^ 
H such that it can be subjected to the specific manipulations described herein such as r 

expression, preparation of probes and primers, and other uses specific to the nucleic acid sequences, 
i y Moreover, an "isolated" nucleic acid molecule, such as a transcript^DNA molecule, can be 

% substantially free of other cellular material, or culture medium when produced by recombinant 
ii) techniques, or chemical precursors or other chemicals when chemically synthesized. However, the 
' nucleic acid molecule can be ftised to other coding or regulatory sequences and stUl be considered 

isolated. 

For example, recombinant DNA molecules contained in a vector are considered isolated. 
Further examples of isolated DNA molecules include recombinant DNA molecules maintained in 
25 heterologous host cells or purified (partially or substantially) DNA molecules in solution. Isolated 
RNA molecules include in vivo or in vitro RNA transcripts of the isolated DNA molecules of the 
present invention. Isolated nucleic acid molecules according to the present invention further include 
such molecules produced synthetically. 

Accordingly, the present invention provides nucleic acid molecules that consist of the 
30 nucleotide sequence shown in Figure 1 or 3 (SEQ ID N0:1, transcript sequence and SEQ ID N0:3, 
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genomic sequence), or any nucleic acid molecule that encodes the protein provided in Figure 2, SEQ 
ID N0:2. A nucleic acid molecule consists of a nucleotide sequence when the nucleotide sequence 
is the complete nucleotide sequence of the nucleic acid molecule. 

The present invention fiirther provides nucleic add molecules that consist essentially of the 
nucleotide sequence shown in Figure 1 or 3 (SEQ ID NO: 1, transcript sequence and SEQ ID N0:3, 
genomic sequence), or any nucleic acid molecule that encodes the protein provided m Figure 2, SEQ 
ID N0:2. A nucleic acid molecule consists essentially of a nucleotide sequence when such a 
nucleotide sequence is present with only a few additional nucleic acid residues in the final nucleic 
acid molecule. 

The present invention fiirther provides nucleic add molecules that comprise the nucleotide 
sequences shown in Figure 1 or 3 (SEQ ID N0:1, transcript sequence and SEQ ID N0:3, genomic 
sequence), or any nucldc acid molecule that encodes the protein provided in Figure 2, SEQ ID 
N0:2. A nucleic acid molecule comprises a nucleotide sequence when the nucleotide sequence is at 
least part of the final nucleotide sequence of the nucleic acid molecule. In such a fashion, the 
nucleic acid molecule can be only the nucleotide sequence or have additional nucleic acid residues, 
such as nucldc acid residues that are naturally associated with it or heterologous nucleotide 
sequences. Such a nucleic add molecule can have a few additional nucleotides or can comprises 
several hundred or more additional nudeotides. A brief description of how various types of these 
nucleic acid molecules can be readily made/isolated is provided below. 

In Figures 1 and 3, both coding and non-coding sequences are provided. Because of the 
source of the present invention, humans genomic sequence (Figure 3) and cDNA/transcript 
sequences (Figure 1), tiie nucleic add molecules in tiie Figures will contain genomic mtronic 
sequences, 5' and 3' non-coding sequences, gene regulatory regions and non-coding intergenic 
sequences. In general such sequence featiires are eitiier noted in Figures 1 and 3 or can readily be 
identified using computational tools known in tiie art. As discussed below, some of tiie non- 
coding regions, particularly gene regulatory elements such as promoters, are usefiil for a variety 
of purposes, e.g. control of heterologous gene expression, target for identifying gene activity 
modulating compounds, and are particularly claimed as Augments of tiie genomic sequence 
provided herein. 

The isolated nucleic add molecules can encode tiie matijre protein plus additional amino or 
carboxyl-terminal amino acids, or amino acids interior to tiie mature peptide (when tiie mature form 
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has more than one peptide chain, for instance). Such sequences may play a role in processing of a 
protem from precursor to a mature form, facilitate protein trafficking, prolong or shorten protein 
half-life or facilitate manipulation of a protein for assay or production, among other things. As 
generally is the case in situ, the additional amino acids may be processed away from tiie mature 
5 protein by cellular enzymes. 

As mentioned above, the isolated nucleic acid molecules include, but are not limited to, the 
sequence encoding the protease peptide alone, the sequence encoding tiie mature peptide and 
additional coding sequences, such as a leader or secretory sequence (e.g., a pre-pro or pio-protein 
sequence), the sequence encoding the mature peptide, with or witiiout the additional coding 

0 sequences, plus additional non-coding sequences, for example introns and non-coding 5' and 3' 
sequences such as transcribed but non-translated sequences that play a role in transcription, mRNA 
processing (including splicing and polyadenylation signals), ribosome binding and stability of 

1 mRNA. hi addition, tiie nucleic acid molecule may be fused to a marker sequence encoding, for 
3 example, a peptide that facilitates purification. 

Isolated nucleic acid molecules can be in the form of RNA, such as mRNA, or in tiie form 
DNA, including cDNA and genomic DNA obtained by clomng or produced by chemical synthetic 
^ techniques or by a combination tiiereof. The nucleic acid, especially DNA, can be double-stranded 
or single-stranded. Single-stranded nucleic acid can be the coding strand (sense strand) or the non- 
coding strand (anti-sense strand). 

The mvention fijrther provides nucleic acid molecules tiiat encode fragments of the peptides 
of the present invention as well as nucleic acid molecules tiiat encode obvious variants of tiie 
protease proteins of the present invention tiiat are described above. Such nucleic acid molecules 
may be naturally occurring, such as allelic variants (same locus), paralogs (different locus), and 
orthologs (different organism), or may be constructed by recombinant DNA metiiods or by chemical 
25 synthesis. Such non-naturally occurring variants may be made by mutagenesis techniques, including 
tiiose applied to nucleic acid molecules, cells, or organisms. Accordingly, as discussed above, the 
variants can contain nucleotide substitutions, deletions, inversions and insertions. Variation can 
occur in either or both tiie coding and non-coding regions. The variations can produce botii 
conservative and non-conservative amino acid substitutions. 
30 The present invention fijrther provides non-coding fi-agments of the nucleic acid molecules 

provided in Figures 1 and 3. Preferred non-codmg fir^aits mclude, but are not limited to, 
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promoter sequences, enhancer sequences, gene modulating sequences and gene termination 
sequences. Such fragments are useftd in controUing heterologous gene expression and in developing 
screens to identify gene-modulating agents. A promoter can readily be identified as being 5' to the 
ATG start site in the genomic sequence provided in Figure 3. 

5 A fragment comprises a contiguous nucleotide sequence greater than 12 or more nucleotides. 

Further, a fragment could at least 30, 40, 50, 100, 250 or 500 nucleotides in length. The length of 
the fragment will be based on its intended use. For example, the fragment can encode epitope 
bearing regions of the peptide, or can be usefiil as DNA probes and primers. Such fragments can be 
isolated using Hxe known nucleotide sequence to synthesize an oUgonucleotide probe. A labeled 

10 probe can then be used to screen a cDNA library, genomic DNA Ubrary, or mRNA to isolate nucleic 
acid corresponding to the coding region. Further, primers can be used in PGR reactions to clone 
specific regions of gene. 

i. J- 

I =1 A probe/primer typically comprises substantially a purified oligonucleotide or 

i'J oUgonucleotide pair. The oligonucleotide typically comprises a region of nucleotide sequence that 
m hybridizes under stringent conditions to at least about 12, 20, 25, 40, 50 or more consecutive 
13 nucleotides. 

•I srf 

Orthologs, homologs, and allelic variants can be identified using methods weU known in the 
art. As described in the Peptide Section, these variants comprise a nucleotide sequence encodmg a 
IJ peptide that is typically 60-70%, 70-80%, 80-90%, and more typically at least about 90-95% or 
'§) more homologous to the nucleotide sequence shown in the Figure sheets or a fragment of tiiis 
i J sequence. Such nucleic acid molecules can readUy be identified as being able to hybridize under 
moderate to stringent conditions, to the nucleotide sequence shown in tiie Figure sheets or a 
fragment of the sequence. Allelic variants can readily be determined by genetic locus of tiie 
encoding gene. 

25 

As used herem, the term "hybridizes under stringent conditions" is intended to describe 
conditions for hybridization and washing under which nucleotide sequences encoding a peptide at 
least 60-70% homologous to each otiier typically remain hybridized to each otiier. The conditions 
can be such that sequences at least about 60%, at least about 70%, or at least about 80% or more 
30 homologous to each otiier typically remain hybridized to each otiier. Such stringent conditions are 
known to those skilled in the art and can be found in Current Protocols in Molecular Biology, John 
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Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. One example of stringent hybridization conditions are 
hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45C, followed by one or more 
washes in 0.2 X SSC, 0. 1% SDS at 50-65C. Examples of moderate to low stringency hybridization 
conditions are well known in the art. 

5 

Nucleic Acid Molecule Uses 

The nucleic acid molecules of the present invention are useful for probes, primers, chemical 
intermediates, and in biological assays. The nucleic acid molecules are useful as a hybridization 
probe for messenger RNA, transcript/cDNA and genomic DNA to isolate foil-length cDNA and 

1 0 genomic clones encoding the peptide described in Figure 2 and to isolate cDNA and genomic clones 
that correspond to variants (alleles, orthologs, etc.) producing the same or related peptides shown m 

l, ^ Figure 2. As illustrated in Figure 3, SNPs, including insertion/deletion variants ("indels"), were 
:; ^ identified at 7 diflferent nucleotide positions. 

The probe can correspond to any sequence along the entire length of the nucleic acid 
i I molecules provided in the Figures. Accordingly, it could be derived from 5' noncoding regions, the 

I "^ coding region, and 3' noncoding regions. However, as discussed, fragments are not to be construed 

11 as encompassing fragments disclosed prior to tiie present invention. 

i, ji, 

\ y The nucleic acid molecules are also useful as primers for PGR to amplify any given region of 

I I a nucleic acid molecule and are useful to synthesize antisense molecules of desired length and 
2Q sequence. 

' The nucleic acid molecules are also useful for constructing recombinant vectors. Such 

vectors include expression vectors that express a portion of, or all of, the peptide sequences. Vectors 
also include msertion vectors, used to integrate into another nucleic acid molecule sequence, such as 
into the cellular genome, to alter in situ expression of a gene and/or gene product. For example, an 

25 endogenous coding sequence can be replaced via homologous recombination with all or part of the 
coding region containing one or more specifically introduced mutations. 

The nucleic acid molecules are also useful for expressing antigenic portions of the proteins. 
The nucleic acid molecules are also usefol as probes for determining the chromosomal 
positions of the nucleic acid molecules by means of in situ hybridization methods. As indicated by 

30 the data presented in Figure 3, the map position was determined to be on chromosome 1 by ePCR. 
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The nucleic acid molecules are also usefiil in making vectors containing the gene regulatory 
regions of the nucleic acid molecules of the present invention. 

The nucleic acid molecules are also useful for designing ribozymes corresponding to all, or a 
part, of the mRNA produced from the nucleic acid molecules described herein. 
5 The nucleic acid molecules are also usefid for making vectors that express part, or all, of the 

peptides. 

The nucleic acid molecules are also useful for constructing host cells expressing a part, or 
all, of the nucleic acid molecules and peptides. 

The nucleic acid molecules are also useful for constructing transgenic animals expressing all, 
10 or a part, of the nucleic acid molecules and peptides. 

The nucleic acid molecules are also useful as hybridization probes for determining the 
presence, level, form and distribution of nucleic acid expression. Experimental data as provided in 
Figure 1 indicates that protease proteins of the present invention are expressed in the placenta, lung, 
1 3 ovary, colon, kidney, thyroid gland, prostate, eye detected by a virtual northern blot. In addition. 
It PCR-based tissue screening panel indicates expression in leucocyte. Accordingly, the probes can be 
used to detect the presence of, or to determine levels of^ a specific nucleic acid molecule in cells, 
tissues, and in organisms. The nucleic acid whose level is determined can be DNA or RNA. 
Accordingly, probes corresponding to the peptides described herein can be used to assess expression 

i'ail 

and^r gene copy number in a given cell, tissue, or organism. These uses are relevant for diagnosis 

2p of disorders involving an increase or decrease in protease protein expression relative to normal 

□ 

i,^ results. 

In vitro techniques for detection of mRNA include Northem hybridizations and in situ 
hybridizations. In vitro techniques for detecting DNA includes Southern hybridizations and in situ 
hybridization. 

25 Probes can be used as a part of a diagnostic test kit for identifying cells or tissues that 

express a protease protein, such as by measuring a level of a protease-encoding nucleic acid in a 
sample of cells from a subject e.g., mRNA or genomic DNA, or deternaining if a protease gene has 
been mutated. Experimental data as provided in Figure 1 indicates that protease proteins of the 
present invention are expressed in the placenta, lung, ovary, colon, kidney, thyroid gland, prostate, 

30 eye detected by a virtual northem blot. In addition, PCR-based tissue screening panel indicates 
expression in leucocyte. 
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Nucleic acid expression assays are useful for drug screening to identify compounds that 
modulate protease nucleic acid expression. 

The invention thus provides a method for identifying a compound tiiat can be used to lieat a 
disorder associated with nucleic acid expression of the protease gene, particularly biological and 

5 pathological processes that are mediated by the protease in cells and tissues that express it. 

Experimental data as provided in Figure 1 indicates expression in the placenta, lung, ovary, colon, 
kidney, thyroid gland, prostate, eye and leucocyte. The method typically includes assaying the 
ability of the compound to modulate the expression of the protease nucleic acid and flius identifying 
a compound that can be used to treat a disorder characterized by undesired protease nucleic acid 

10 expression. The assays can be performed hi cell-based and cell-free systems. Cell-based assays 
include cells naturally expressing the protease nucleic acid or recombinant cells genetically 
engineered to express specific nucleic acid sequences. 

\^ The assay for protease nucleic acid expression can involve direct assay of nucleic acid levels, 

such as mRNA levels, or on collateral compounds involved in the signal pathway. Further, flie 

1|:; expression of genes that are up- or down-regulated in response to the protease protein signal 

} pathway can also be assayed. In this embodiment the regulatory regions of these genes can be 

i' operably linked to a reporter gene such as luciferase. 

ii 

Thus, modulators of protease gene expression can be identified in a method wherein a cell is 

I'iil 

I '^f contacted with a candidate compound and the expression of mRNA determined. The level of 
2p expression of protease mRNA in the presence of the candidate compound is compared to the level of 
l2 expression of protease mRNA in the absence of the candidate compound. The candidate compound 
can then be identified as a modulator of nucleic acid expression based on this comparison and be 
used, for example to treat a disorder characterized by aberrant nucleic acid expression. When 
expression of mRNA is statistically significantly greater in the presence of the candidate compound 
25 than in its absence, the candidate compound is identified as a stimulator of nucleic acid expression. 
When nucleic acid expression is statistically significantly less in the presence of the candidate 
compound than in its absence, the candidate compound is identified as an inhibitor of nucleic acid 
expression. 

The invention further provides methods of treataaent, with the nucleic acid as a target, using 
30 a compound identified through drug screening as a gene modulator to modulate protease nucleic 
acid expression in cells and tissues that express the protease. Experimental data as provided in 
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Figure 1 indicates that protease proteins of the present invention are expressed in the placenta, lung, 
ovary, colon, kidney, thyroid gland, prostate, eye detected by a virtual northern blot. In addition, 
PCR-based tissue screening panel indicates expression in leucocyte. Modulation includes both up- 
regulation (i.e. activation or agonization) or down-regulation (suppression or antagonization) or 

5 nucleic acid expression. 

Alternatively, a modulator for protease nucleic acid expression can be a small molecule or 
drug identified usiag the screening assays described herein as long as the drug or small molecule 
inhibits the protease nucleic acid expression in the cells and tissues that express the protein. 
Experimental data as provided in Figure 1 indicates expression in the placenta, lung, ovary, colon, 

1 0 kidney, thyroid gland, prostate, eye and leucocyte. 

The nucleic acid molecules are also useful for monitoring the effectiveness of modulating 
compounds on the expression or activity of the protease gene in clinical trials or in a treatment 

;! Z regimen. Thxis, the gene expression pattem can serve as a barometer for the continuing effectiveness 

p of treatment with the compoxmd, particularly with compoui^ 

!; sir 

I S; resistance. The gene expression pattem can also serve as a marker indicative of a physiological 
jiL- response of the affected cells to the compound. Accordingly, such monitoring would allow either 
increased adnodnistration of the compound or the administration of altemative compoxmds to which 

ii 

the patient has not become resistant. Similarly, if the level of nucleic acid expression falls below a 
; desirable level, administration of the compound could be commensurately decreased. 
2p The nucleic acid molecules are also usefiil in diagnostic assays for qualitative changes in 

I ^ protease nucleic acid expression, and particularly hi qualitative changes that lead to pathology. The 
nucleic acid molecules can be used to detect mutations in protease genes and gene e2q)ression 
products such as mRNA. The nucleic acid molecules can be used as hybridization probes to detect 
naturally occurring genetic mutations in the protease gene and thereby to determine whether a 
25 subject with the mutation is at risk for a disorder caused by the mutation. Mutations include 
deletion, addition, or substitution of one or more nucleotides in the gene, chromosomal 
rearrangement, such as inversion or transposition, modification of genomic DNA, such as aberrant 
methylation patterns or changes in gene copy number, such as amplification. Detection of a mutated 
form of the protease gene associated with a dysfunction provides a diagnostic tool for an active 
30 disease or susceptibility to disease when the disease results fi-om overexpression, underexpression, 
or altered expression of a protease protein. 
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Individuals carrying mutations in the protease gene can be detected at the nucleic acid level 
by a variety of techniques.Figure 3 provides information on SNPs that have been found in the gene 
encoding the protease protein of the present invention. SNPs were identified at 7 different nucleotide 
positions in introns and regions 5' and 3' of the ORF, Such SNPs in introns and outside the ORF 

5 may affect control/regulatory elements. As indicated by the data presented in Figure 3, the map 
position was determined to be on chromosome 1 by ePCR. Genomic DNA can be analyzed directly 
or can be amplified by using PGR prior to analysis. RNA or cDNA can be used in the same way. ]n 
some uses, detection of the mutation involves the use of a probe/primer in a polymerase chain 
reaction (PGR) (see, e.g. U.S. Patent Nos. 4,683,195 and 4,683,202), such as anchor PGR or RAGE 
10 PGR, or, altematively, in a ligation chain reaction (LGR) (see, e.g., Landegran et al. Science 

2^7: 1077-1080 (1988); and Nakazawa et aUPNAS P7:360-364 (1 994)), the latter of which can be 
particularly useful for detecting point mutations in the gene (see Abravaya et al , Nucleic Acids Res. 

H 2i:675-682 (1995)). This method can inchide the steps of collecting a sample of cells from a 
patient, isolating nucleic acid (e.g., genomic, mRNA or both) from the cells of the sample, 

1 i contacting the nucleic acid sample with one or more primers which specifically hybridize to a gene 

i h 

Q under conditions such that hybridization and amplification of the g^ (if present) occurs, and 

^ detecting the presence or absence of an amplification product, or detecting the size of the 

(t 

amplification product and comparing the length to a control sample. Deletions and insertions can be 
[i detected by a change in size of the ampUfied product compared to the normal genotype. Pomt 
# mutations can be identified by hybridizing ampUfied DNA to normal RNA or antisense DNA 
U sequences. 

Altematively, mutations in a protease gene can be directiy identified, for example, by 
alterations in restriction enzyme digestion patterns determined by gel electrophoresis. 

Further, sequence-specific ribozymes (U.S. Patent No. 5,498,53 1) can be used to score for 
25 the presence of specific mutations by development or loss of a ribozyme cleavage site. Perfectly 

matched sequences can be distinguished from mismatched sequences by nuclease cleavage digestion 
assays or by differences in melting temperature. 

Sequence changes at specific locations can also be assessed by nuclease protection assays 
such as RNase and SI protection or the chemical cleav^e method. Furthermore, sequence 
30 differences between a mutant protease gene and a wild-type gene can be determined by direct DNA 
sequencing. A variety of automated sequencing procedures can be utilized when performing the 
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diagnostic assays (Naeve, C.W., (1995) Biotechniques 7P:448), including sequencing by mass 
spectrometry (see, e.g., PCT International Publication No. WO 94/16101; Cohen etai.Adv. 
Chromatogr. 36:127-162 (1996); and Griffin etal.,Appl. Biochem. Biotechnol. 55:147-159 (1993)). 
Other metiiods for detecting mutations in the gene include methods in which protection from 

5 cleavage agents is used to detect mismatched bases in RNA/RNA or RNA/DNA duplexes (Myers et 
al. , Science 230:1242 (1985)); Cotton et al, PNAS 55:4397 (1988); Saleeba et al, Meth. Enzymol 
277:286-295 (1992)), electrophoretic mobility of mutant and wild type nucleic acid is compared 
(Orita etal, PNAS 86-2166 (1989); Cotton et al, Mutat. Res. 255:125-144 (1993); and Hayashi et 
al. Genet, And. Tech Appl. P:73-79 (1992)), and movement of mutant or wild-type fragments in 
1 0 polyacrylamide gels containing a gradient of denaturant is assayed using denaturing gradient gel 
electrophoresis (Myers et al. Nature 373:495 (1985)). Examples of other techniques for detecting 
pomt mutations include selective oligonucleotide hybridization, selective amplification, and 

) 7, selective primer extension. 

0 The nucleic acid molecules are also useful for testing an individual for a genotype that while 
i% not necessarily causing flie disease, nevertheless affects the treatment modality. Thus, the nucleic 

!; il acid molecules can be used to study the relationship between an individual's genotype and the 

1 individual's response to a compound used for treatment (pharmacogenomic relationship). 

I ^ Accordingly, the nucleic acid molecules described herein can be used to assess the mutation content 
i ^. of the protease gene in an individual in order to select an appropriate compound or dosage regimen 
26 for treatment 

i T Thus nucleic acid molecules displaying genetic variations that affect treatment provide a 

diagnostic target that can be used to tailor treatment in an mdividual. Accordingly, the production of 
recombinant cells and animals containing these polymorphisms allow effective clinical design of 
treatment compounds and dosage regimens. 

25 The nucleic acid molecules are thus useful as antisense constructs to control protease gene 

expression in cells, tissues, and organisms. A DNA antisense nucleic acid molecule is designed to 
be complementary to a region of the gene involved in transcription, preventing transcription and 
hence production of protease protein. An antisense RNA or DNA nucleic acid molecule would 
hybridize to the mRNA and thus block translation of mRNA into protease protem. Figure 3 provides 

30 information on SNPs that have been found in the gene encoding the protease protein of the present 
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invention. SNPs were identified at 7 different nucleotide positions in introns and regions 5' and 3' of 
the ORF. Such SNPs in introns and outside tiie ORF may affect control/regulatory elements. 

Altematively, a class of antisense molecules can be used to inactivate mRNA in order to 
decrease expression of protease nucleic acid. Accordingly, these molecules can treat a disorder 
5 characterized by abnormal or undesired protease nucleic acid expression. This technique involves 
cleavage by means of ribozymes containing nucleotide sequences complementary to one or more 
regions in the mRNA that attenuate the ability of the mRNA to be translated. Possible regions 
include coding regions and particularly coding regions corresponding to the catalytic and other 
functional activities of the protease protein, such as substrate binding. 

1 0 The nucleic acid molecules also provide vectors for gene therapy in patients containing cells 
that are aberrant in protease gene expression. Thus, recombinant cells, which include the patient's 
cells that have been engineered ex vivo and returned to the patient, are introduced into an individual 

;!« where tiie cells produce the desired protease protein to treat the individual. 
3 The invention also encompasses kits for detecting the presence of a protease nucleic acid in a 

i|; biological sample. Experimental data as provided in Figure 1 indicates that protease proteins of the 
:; ;L; present invention are expressed in the placenta, hmg, ovary, colon, kidney, thyroid gland, prostate, 
\^ eye detected by a virtual northern blot. In addition, PCR-based tissue screening panel indicates 
i,^ expression in leucocyte. For example, the kit can comprise reagents such as a labeled or labelable 
; ^ nucleic acid or agent capable of detecting protease nucleic acid in a biological sample; means for 

2p determining the amount of protease nucleic acid in the sample; and means for comparing the amount 

11 ^; of protease nucleic acid in the sample with a standard. The compound or agent can be packaged in a 

suitable container. The kit can further comprise instructions for using the kit to detect protease 
protein mRNA or DNA. 

25 Nucleic Acid Arrays 

The present invention further provides nucleic acid detection kits, such as arrays or 

microarrays of nucleic acid molecules that are based on the sequence information provided in 

Figures 1 and 3 (SEQ ID NOSrl and 3). 

As used herein "Arrays" or "Microarrays" refers to an array of distinct polynucleotides or 

30 oligonucleotides synthesized on a substrate, such as paper, nylon or other type of membrane, 

filter, chip, glass slide, or any other suitable solid support. In one embodiment, the microarray is 
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prepared and used according to the methods described in US Patent 5,837,832, Chee et al, PCT 
application W095/1 1995 (Chee et al\ Lockhart, D. J, et al (1996; Nat Biotech. 14: 1675-1680) 
and Schena, M. et al (1996; Proc. Natl Acad. Sci. 93: 10614-10619), all of which are 
incorporated herein in their entirety by reference. In other embodiments, such arrays are 

5 produced by the methods described by Brown et al , US Patent No. 5,807,522. 

The microarray or detection kit is preferably composed of a large nximber of unique, 
single-stranded nucleic acid sequences, usually either synthetic antisense oligonucleotides or 
jfragments of cDNAs, fixed to a solid support. The oligonucleotides are preferably about 6-60 
nucleotides in length, more preferably 15-30 nucleotides in length, and most preferably about 20- 
10 25 nucleotides in length. For a certain type of microarray or detection kit, it may be preferable to 
use oligonucleotides that are only 7-20 nucleotides in length. The microarray or detection kit may 
contain ohgonucleotides that cover the known 5*, or 3', sequence, sequential oligonucleotides 

\^ which cover the full length sequence; or unique oligonucleotides selected from particular areas 

;'3 along the length of the sequence. Polynucleotides used in the microarray or detection kit may be 
1 5; oligonucleotides that are specific to a gene or genes of interest. 

• LJ In order to produce oligonucleotides to a known sequence for a microarray or detection 

kit, the gene(s) of interest (or an ORF identified from the contigs of the present invention) is 

jrdi* typically examined using a computer algorithm which starts at the 5' or at the 3' end of the 

! j^" nucleotide sequence. Typical algorithms will then identify oligomers of defined length that are 
2(Fi unique to the gene, have a GC content within a range suitable for hybridization, and lack 

' predicted secondary structure that may interfere with hybridization. In certain situations it may 
be appropriate to use pairs of oligonucleotides on a microarray or detection kit. The "pairs" will 
be identical, except for one nucleotide that preferably is located in the center of the sequence. 
The second oligonucleotide in the pair (mismatched by one) serves as a control. The number of 
25 oligonucleotide pairs may range fi-om two to one million. The oligomers are synthesized at 
designated areas on a substrate using a light-directed chemical process. The substrate may be 
paper, nylon or other type of membrane, filter, chip, glass slide or any other suitable solid 
support. 

In another aspect, an oligonucleotide may be synthesized on the surface of the substrate 
30 by using a chemical coupling procedure and an ink jet application apparatus, as described in PCT 
application W095/251 1 16 (Baldeschweiler et al) which is incorporated herein in its entirety by 
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reference. In another aspect, a "gridded" array analogous to a dot (or slot) blot may be used to 
arrange and link cDNA fragments or oligonucleotides to the surface of a substrate using a 
vacuum system, thermal, UV, mechanical or chemical bondmg procedures. An array, such as 
those described above, may be produced by hand or by using available devices (slot blot or dot 

5 blot apparatus), materials (any suitable solid support), and machines (including robotic 

instruments), and may contain 8, 24, 96, 384, 1536, 6144 or more oligonucleotides, or any other 
number between two and one million which lends itself to the efficient use of commercially 
available instrumentation. 

In order to conduct sample analysis iising a microarray or detection kit, the RNA or DNA 
1 0 from a biological sample is made into hybridization probes. The mRNA is isolated, and cDNA is 
produced and used as a template to make antisense RNA (aRNA). The aRNA is amplified in the 
presence of fluorescent nucleotides, and labeled probes are incubated with the microarray or 

% detection kit so that the probe sequences hybridize to complementary oligonucleotides of the 

'iSSV 

microarray or detection kit. Incubation conditions are adjusted so that hybridization occurs with 
IS precise complementary matches or with various degrees of less complementarity. After removal 
n of nonhybridized probes, a scanner is used to determine the levels and patterns of fluorescence. 

^"^ The scanned images are examined to determine degree of complementarity and the relative 

it 

abundance of each oligonucleotide sequence on the microarray or detection kit. The biological 
i ^ samples may be obtained from any bodily fluids (such as blood, urine, saliva, phlegm, gastric 
21 juices, etc.), cultured cells, biopsies, or other tissue preparations. A detection system may be 
i 2 used to measure the absence, presence, and amoimt of hybridization for all of the distinct 
sequences simultaneously. This data may be used for large-scale correlation studies on the 
sequences, expression patterns, mutations, variants, or polymorphisms among samples. 

Using such arrays, the present invention provides methods to identify the expression of 
25 the protease proteins/peptides of the present invention. In detail, such methods comprise 

incubating a test sample with one or more nucleic acid molecules and assaying for binding of the 
nucleic acid molecule with components within the test sample. Such assays will typically 
involve arrays comprising many genes, at least one of which is a gene of the present invention 
and or alleles of the protease gene of the present invention. Figure 3 provides mformation on 
30 SNPs that have been found in the gene encoding the protease protem of the present invention. 
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SNPs were identified at 7 different nucleotide positions in introns and regions 5' and 3' of the 
ORF. Such SNPs in introns and outside the ORF may affect control/regulatory elements. 

Conditions for incubating a nucleic acid molecule with a test sample vary. Incubation 
conditions depend on the format employed in the assay, the detection methods employed, and the 

5 type and nature of the nucleic acid molecule used in the assay. One skilled in the art will 
recognize that any one of the commonly available hybridization, amplification or array assay 
formats can readily be adapted to employ the novel fragments of the Human genome disclosed 
herein. Examples of such assays can be found in Chard, T, An Introduction to 
Radioimmunoassay and Related Techniques, Elsevier Science Publishers, Amsterdam, The 

10 Netherlands (1986); Bullock, G. R. et al, Techniques in Immunocytochemistry, Academic Press, 
Orlando, FL Vol. 1 (1 982), Vol. 2 (1983), Vol. 3 (1985); Tijssen, P., Practice and Theory of 
Enzyme Immunoassays: Laboratory Techniques in Biochemistry and Molecular Biology Elsevier 
;i Science Publishers, Amsterdam, The Netherlands ( 1 985). 

□ The test samples of the present invention include cells, protein or membrane extracts of 

; b' 
'.x-ssst 

\^ cells. The test sample used in the above-described method will vary based on the assay format, 

■Ij nature of the detection method and the tissues, cells or extracts used as the sample to be assayed. 

1-'^ Methods for preparing nucleic acid extracts or of cells are well known in the art and can be 

y, readily be adapted in order to obtain a sample that is compatible with the system utilized. 
\ ^. In another embodiment of the present invention, kits are provided which contain the 

2(pi necessary reagents to carry out the assays of the present invention. 

□ 

i ^ Specifically, the invention provides a compartmentalized kit to receive, in close 

confinement, one or more containers which comprises: (a) a first container comprising one of the 
nucleic acid molecules that can bind to a fragment of the Human genome disclosed herein; and 
(b) one or more other containers comprising one or more of the following: wash reagents, 

25 reagents capable of detecting presence of a bound nucleic acid. 

In detail, a compartmentalized kit includes any kit in which reagents are contained in 
separate containers. Such containers include small glass containers, plastic containers, strips of 
plastic, glass or paper, or arraying material such as siUca. Such containers allows one to 
efficiently transfer reagents fi-om one compartment to another compartment such tiiat the samples 

30 and reagents are not cross-contaminated, and tiie agents or solutions of each container can be 
added in a quantitative fashion jfrom one compartment to another. Such containers will include a 
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container which will accept the test sample, a container which contains the nucleic acid probe, 
containers which contain wash reagents (such as phosphate buffered saline, Tris-buffers, etc.), 
and containers which contain the reagents used to detect the bound probe. One skilled in the art 
will readily recognize that the previously unidentified protease gene of the present invention can 
5 be routinely identified using the sequence information disclosed herein can be readily 

incorporated into one of the established kit formats which are well known in the art, particularly 
expression arrays. 

Vectors/host cells 

10 The invention also provides vectors containing the nucleic acid molecules described herein. 

The term "vector" refers to a vehicle, preferably a nucleic acid molecule, which can transport the 
nucleic acid molecules. When the vector is a nucleic acid molecule, the nucleic acid molecules are 
; J covalently linked to the vector nucleic acid. With this aspect of the invention, the vector includes a 
i f plasmid, single or double stranded phage, a single or double stranded RNA or DNA viral vector, or 
1 $ri artificial chromosome, such as a BAC, PAC, YAC, OR MAC. 

A vector can be maintained in the host cell as an extrachromosomal element where it 

If 4' 

replicates and produces additional copies of tiie nucleic acid molecules. Altematively, the vector 
I y may integrate into the host cell genome and produce additional copies of the nucleic acid molecules 
' when the host cell replicates. 

2(Q The invention provides vectors for the maintenance (cloning vectors) or vectors for 

expression (expression vectors) of the nucleic acid molecules. The vectors can function in 
prokaryotic or eukaryotic cells or in both (shuttle vectors). 

Expression vectors contain cis-acting regulatory regions that are operably linked in the 
vector to the nucleic acid molecules such that transcription of the nucleic acid molecules is allowed 

25 in a host cell. The nucleic acid molecules can be introduced into the host cell with a separate nucleic 
acid molecule capable of affecting transcription. Thus, the second nucleic acid molecule may 
provide a trans-acting factor interacting with the cis-regulatory control region to allow transcription 
of the nucleic acid molecules from the vector. Altematively, a trans-acting factor may be supplied 
by the host cell. Finally, a trans-acting factor can be produced from the vector itself It is 

30 understood, however, that in some embodiments, transcription and/or translation of the nucleic acid 
molecules can occur in a cell-free system. 
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The regulatory sequence to which the nucleic acid molecules described herein can be 
operably linked include promoters for directing mRNA transcription. These include, but are not 
limited to, the left promoter from bacteriophage X., the lac, TRP, and TAC promoters from £ coli, 
the early and late promoters from SV40, the CMV immediate early promoter, the adenovhais early 
and late promoters, and retrovirus long-terminal repeats. 

In addition to control regions that promote transcription, expression vectors may also include 
regions that modulate transcription, such as repressor binding sites and enhancers. Examples 
include the SV40 enhancer, the cytomegalovirus mimediate early enhancer, polyoma enhancer, 
adenovirus enhancers, and retrovirus LTR enhancers. 

In addition to containing sites for transcription initiation and control, expression vectors can 
also contain sequences necessary for transcription termination and, in the transcribed region a 
ribosome binding site for translation. Other regulatory control elements for expression include 
mitiation and termination codons as well as polyadenylation signals. The person of ordinary skill in 
the art would be aware of the numerous regulatory sequences that are useftJ in expression vectors. 
Such regulatory sequences are described, for example, in Sambrook et aly Molecular Cloning: A 
Laboratory Manual 2nd. ed.^ Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
(1989). 

A variety of expression vectors can be used to express a nucleic acid molecule. Such vectors 
include chromosomal, episomal, and virus-derived vectors, for example vectors derived from 
bacterial plasmids, from bacteriophage, from yeast episomes, from yeast chromosomal elements, 
including yeast artificial chromosomes, from viruses such as baculoviruses, papovaviruses such as 
SV40, Vaccinia viruses, adenoviruses, poxviruses, pseudorabies viruses, and retroviruses. Vectors 
may also be derived from combinations of these sources such as those derived from plasmid and 
bacteriophage genetic elements, e.g. cosmids and phagemids. Appropriate cloning and expression 
vectors for prokaryotic and eukaryotic hosts are described in Sambrook et al. Molecular Cloning: A 
Laboratory Manual. 2nd. ed,. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
(1989). 

The regulatory sequence may provide constitutive expression in one or more host cells (i.e. 
tissue specific) or may provide for inducible expression in one or more cell types such as by 
temperature, nutrient additive, or exogenous factor such as a hormone or olher ligand. A variety of 
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vectors providing for constitutive and inducible expression in prokaryotic and eukaryotic hosts are 
well known to those of ordinary skill in the art. 

The nucleic acid molecules can be inserted into the vector nucleic acid by well-known 
methodology. Generally, the DNA sequence that will ultimately be expressed is joined to an 
5 expression vector by cleaving the DNA sequence and the expression vector with one or more 
restriction enzymes and then Ugating the fragments together. Procedures for restriction enzyme 
digestion and Ugation are well known to those of ordinary skill in the art. 

The vector containing the appropriate nucleic acid molecule can be introduced into an 
appropriate host cell for propagation or expression using well-known techniques. Bacterial cells 
10 include, but are not limited to, E. coli, Streptomyces, and Salmonella typhimwium. Eukaryotic cells 
include, but are not limited to, yeast, insect cells such as Drosophila, animal cells such as COS and 
CHO cells, and plant cells. 
;!i As described herein, it may be desirable to express the peptide as a fusion protein. 

^= 3 Accordinglj^ the invention provides fusion vectors that allow for the production of the peptides. 
1 Fusion vectors can increase the expression of a recombinant protein, increase the solubility of the 
j;;^ recombinant piotein, and aid in the purification of the protein by acting for example as a ligand for 
H^' affinity purification. A proteolytic cleavage site may be introduced at the junction of tiie fusion 
|: ri. moiety so that the desired peptide can ultimately be separated from the fiision moiety. Proteolytic 
\ enzymes include, but are not limited to, factor Xa, thrombin, and enteroprotease. Typical fusion 
2{J" expression vectors include pGEX (Smith et al , Gene 67'3 1 -40 (1 988)), pMAL (New England 
JI Biolabs, Beverly, MA) and pRIT5 (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase 
(GST), maltose E binding protein, or protein A, respectively, to the target recombinant protein. 
Examples of suitable inducible non-fusion E. coti expression vectors include pTrc (Amaim et al , 
Gene <5P:301-315 (1988)) and pET 1 Id (Studier et al. Gene Expression Technology: Methods in 
25 Enzymology iS5:60-89 (1990)). 

Recombinant protein expression can be maximized in host bacteria by providing a genetic 
background wherein the host cell has an impaired capacity to proteolytically cleave the recombinant 
protein. (Gottesman, S., Gene Expression Technology: Methods in Enzymology 185, Academic 
Press, San Diego, California (1990) 1 19-128). Alternatively, tiie sequence of the nucleic acid 
30 molecule of interest can be altered to provide preferential codon usage for a specific host cell, for 
example^ coli, (Wadset al. Nucleic Acids Res, 20:2111-2118(1992)). 
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The nucleic acid molecules can also be expressed by expression vectors that are operative in 
yeast. Examples of vectors for expression in yeast e.g., S. cerevisiae include pYepSecl (Baldari, et 
aUEMBOl 5:229-234 (1987)), pMFa (Kurjan et al. Cell 50:933-943(1982)), pJRY88 (Schultz et 
al. Gene 54:1 13-123 (1987)), and pYES2 (Invitrogen Corporation, San Diego, CA). 
5 The nucleic acid molecules can also be expressed in insect cells using, for example, 

baculovirus expression vectors. Baculovirus vectors available for expression of proteins in cultured 
insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al.Mol Cell Biol 3:2156-2165 (1983)) 
and the pVL series (Lucklow et al. Virology 770:31-39 (1989)). 

In certain embodiments of the invention, the nucleic acid molecules described herein are 
10 expressed in mammalian cells using mammalian expression vectors. Examples of mammalian 

expression vectors include pCDM8 (Seed, B. Nature 52P:840(1987)) and pMT2PC (Kaufinan et al, 
EMBOJ.6:WA95 (1987)), 

The expression vectors Usted herein are provided by way of example only of the well-known 
p vectors available to those of ordinary skill in the art that wouW be useful to express the nucleic acid 
1 5p' molecules. The person of ordinary skill in the art would be aware of other vectors suitable for 
maintenance propagation or expression of the nucleic acid molecules described herein. These are 
' * found for example in Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular Cloning: A Laboratory 

Manual 2nd, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold 
I JJ Spring Harbor, NY, 1989. 

The invention also encompasses vectors in which the nucleic acid sequences described 
i; ^ herein are cloned into the vector in reverse orientation, but operably Unked to a regulatory sequence 
tiiat permits transcription of antisense RNA. Thus, an antisense transcript can be produced to all, or 
to a portion, of the nucleic acid molecule sequences described herein, including both coding and 
non-coding regions. Expression of this antisense RNA is subject to each of the parameters described 
25 above in relation to expression of tiie sense RNA (regulatory sequences, constitutive or inducible 
expression, tissue-specific expression). 

The invention also relates to recombinant host cells containing the vectors described herein. 
Host cells therefore mclude prokaryotic cells, lower eukaryotic cells such as yeast, other eukaryotic 
cells such as insect cells, and higher eukaryotic cells such as mammalian cells. 
30 The recombmant host cells are prepared by introducing the vector constructs described 

herein into the cells by techniques readily available to the person of ordinary skill in the art. These 
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include, but are not limited to, calcium phosphate transfection, DEAE-dextran-mediated 
transfection, cationic lipid-mediated transfection, electroporation, transduction, infection, 
lipofection, and other techniques such as those found in Sambrook, et al. {Molecular Cloning: A 
Laboratory Manual. 2nd, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY, 1989). 

Host cells can contain more than one vector. Thus, different nucleotide sequences can be 
introduced on different vectors of the same cell. Similarly, the nucleic acid molecules can be 
introduced either alone or with other nucleic acid molecules that are not related to the nucleic acid 
molecules such as those providmg trans-acting factors for expression vectors. When more than one 
vector is introduced into a cell, the vectors can be introduced independently, co-introduced or joined 
to the nucleic acid molecule vector. 

In the case of bacteriophage and viral vectors, these can be introduced into cells as packaged 
or encapsulated virus by standard procedures for infection and transduction. Viral vectors can be 
replication-competent or repUcation-defective. hi the case in which viral repUcation is defective, 
repUcation will occur in host cells providing functions that complement tiie defects. 

Vectors generally mclude selectable markers that enable the selection of the subpopulation 
of cells that contain the recombinant vector constructs. The marker can be contained in the same 
vector that contams the nucleic acid molecules described herein or may be on a separate vector. 
Markers include tetracycline or ampicillin-resistance genes for prokaryotic host cells and 
dihydrofolate reductase or neomycin resistance for eukaryotic host cells. However, any marker that 
provides selection for a phenotypic trait will be effective. 

While the mature proteins can be produced in bacteria, yeast, mammalian cells, and other 
cells under the control of the appropriate regulatory sequences, cell- free transcription and translation 
systems can also be used to produce these proteins using RNA derived fiom the DNA constructs 
described herein. 

Where secretion of the peptide is desired, which is difficult to achieve with multi- 
transmembrane domain containing proteins such as proteases, appropriate secretion signals are 
incorporated into the vector. The signal sequence can be endogenous to the peptides or heterologous 
to these peptides. 

Where the peptide is not secreted into the medium, which is typically the case with 
proteases, flie protein can be isolated from the host cell by standard disnption procedures, including 
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freeze thaw, sonication, mechanical disruption, use of lysing agents and the like. The peptide can 
then be recovered and purified by well-known purification methods including ammonium sulfate 
precipitation, acid extraction, anion or cationic exchange chromatography, phosphocellulose 
chromatography, hydrophobic-mteraction chromatography, affinity chromatography, 
5 hydroxylapatite chromatography, lectin chromatography, or high performance liquid 
chromatography. 

It is also understood that depending upon the host cell in recombinant production of the 
peptides described herein, the peptides can have various glycosylation patterns, depending upon the 
cell, or maybe non-glycosylated as when produced in bacteria. In addition, the peptides may include 
10 an initial modified methionine in some cases as a result of a host-mediated iMX)cess. 

Uses of vectors and host cells 

\A ' 

The recombmant host cells expressing the peptides described herein have a variety of uses. 
First, the cells are useful for producing a protease protein or peptide that can be fiirflier purified to 
}$ produce desired amounts of protease protein or fragments. Thus, host cells contammg expression 
I f vectors are useful for peptide production, 

» Host cells are also useful for conducting cell-based assays involving the protease protein or 

f y protease protein fragments, such as those described above as well as other formats known m the art. 

Thus, a recombinant host cell expressing a native protease protein is useful for assaying compounds 
20 that stimulate or inhibit protease protein function. 

' * Host cells are also usefiil for identifying protease protein mutants m which tiiese functions 

are affected. If tiie mutants naturally occur and give rise to a pathology, host cells containing the 
mutations are useftil to assay compounds that have a desired effect on the mutant protease protein 
(for example, stimulating or inhibiting function) which may not be indicated by their effect on the 

25 native protease protein. 

Genetically engineered host cells can be further used to produce non-human transgenic 
animals. A transgenic animal is preferably a mammal, for example a rodent, such as a rat or mouse, 
in which one or more of the cells of the animal include a transgene. A transgene is exogenous DNA 
which is integrated into the genome of a cell from which a transgenic animal develops and which 

30 remains in tiie genome of the mature animal in one or more cell types or tissues of the transgenic 
animal. These animals are useful for studying the function of a protease protein and identifying and 
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evaluating modulators of protease protein activity. Other examples of transgenic animals include 
non-human primates, sheep, dogs, cows, goats, chickens, and amphibians. 

A transgenic animal can be produced by introducing nucleic acid into the male pronuclei of a 
fertihzed oocyte, e.g., by microinjection, retroviral infection, and allowing the oocyte to develop in a 
5 pseudopregnant female foster animal. Any of the protease protein nucleotide sequences caa be 
introduced as a traasgene into the genome of a non-human animal, such as a mouse. 

Any of the regulatory or other sequences useftil in expression vectors can form part of the 
transgenic sequence. This includes intronic sequences and polyadenylation signals, if not dready 
included A tissue-specific regulatory sequence(s) can be operably linked to the transgene to direct 
1 0 expression of the protease protein to particular cells. 

Methods for generating transgenic animals via embryo manipulation and microinjection, 
particularly animals such as mice, have become conventional in the art and are described, for 
;^ example, in U.S. Patent Nos. 4,736,866 and 4,870,009, both by Leder et al , U.S. Patent No. 
4,873,191 by Wagner a/, and in Hogan, B., Manipulating the Mouse Embryo^ (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N. Y., 1 986). Similar methods are used for 

i f\ 

■ production of other transgenic animals. A transgenic founder animal can be identified based upon 

i' the presence of the transgene in its genome and/or expression of transgenic mRNA in tissues or cells 

if 

^ of the animals. A transgenic founder animal can then be used to breed additional animals carrying 
! t the transgene. Moreover, transgenic animals carrying a transgene can further be bred to other 
2p transgenic animals carrying other transgenes. A transgenic animal also includes animals in which 
|i ^ the entire animal or tissues in the animal have been produced using the homologously recombmant 
host cells described herein. 

In another embodiment, transgenic non-human animals can be produced which contain 
selected systems that allow for regulated expression of the transgene. One example of such a system 
25 is the cre/loxP recombinase system of bacteriophage PI . For a description of the cre/loxP 

recombinase system, see, e.g., Lakso et al PNAS SP:6232-6236 (1992). Another example of a 
recombinase system is the FLP recombinase system of S, cerevisiae (O'Gorman et al Science 
257:1351-1355 (1991). If a cre/loxP recombinase system is xised to regulate expression of the 
transgene, animals containing transgenes encoding both the Cre recombinase and a selected protem 
30 is required. Such animals can be provided through tiie construction of "double" transgenic animals, 
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e.g., by mating two transgenic animals, one containing a transgene encoding a selected protein and 

the other containing a transgene encoding a recombinase. 

Clones of the non-human transgenic animals described herein can also be produced 

according to the methods described in Wibnut, 1. et al Nature 555:810-813 (1997) and PCT 
; International Publication Nos. WO 97/07668 and WO 97/07669. In brief, a cell, e.g., a somatic cell, 

from the transgenic animal can be isolated and induced to exit the growth cycle and enter Go phase. 

The quiescent cell can then be fused, e.g., through the use of electrical pulses, to an enucleated 

oocyte from an animal of the same species from which the quiescent cell is isolated. The 

reconstructed oocyte i& then cultured such that it develops to morula or blastocyst and then 
) transferred to pseudopregnant female foster animal. The offspring bom of this female foster animal 

will be a clone of the animal from which the cell, e.g., the somatic cell, is isolated. 

Transgenic animals containing recombinant cells that express the peptides described herein 

are useful to conduct the assays described herein in an m vivo context. Accordmgly, the various 
3 physiological factors that are present in vivo and that could effect substrate binding, protease protein 



activity/activation, and signal transduction, may not be evident from in vitro cell-free or cell-based 

N 

^ assays. Accordingly, it is useful to provide non-human transgenic animals to assay in vivo protease 
>«v protein function, including substrate interaction, the effect of specific mutant protease proteins on 
protease protein function and substrate interaction, and the effect of chimeric protease proteins. It is 
also possible to assess the effect of null mutations, that is mutations that substantially or completely 
2Q; eliminate one or more protease protein functions. 

All publications and patents mentioned in the above specification are herein incorporated 
by reference. Various modifications and variations of the described method and system of the 
invention will be apparent to those skilled in the art without departing from the scope and spirit 
of the invention. Although the invention has been described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be xmduly limited 
to such specific embodiments. Indeed, various modifications of the above-described modes for 
carrying out the invention which are obvious to those skilled in the field of molecular biology or 
related fields are intended to be within the scope of the following claims. 
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